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formation in APCD716 knockout mice. In addition, inhibition of
COX-2 reduced the incidence of colon cancer in rats treated with
chemical carcinogens10 and in APC gene knockout mice.9
COX is the key enzyme involved in the conversion of arachidonic acid to prostaglandins.11,12 Two COX isoforms, COX-1 and
COX-2, have been identiﬁed. COX-1 is considered a housekeeping
gene responsible for various physiologic functions, whereas COX2 is an inducible immediate-early gene, which can be induced by
inﬂammatory stimuli,13 growth factors14,17 and tumor promoters.18
Constitutional overexpression of COX-2 has been reported in
colorectal cancer, gastric cancer, pancreatic cancer, NSCLC,
head-and-neck squamous cell cancer, malignant melanoma, breast
cancer and bladder cancer.19,26 The mechanism of the association
between COX-2 overexpression and tumorigenesis remains
unclear, though several in vitro studies have shown that COX-2
expression in cancer cell lines causes increased cell proliferation,27 inhibition of apoptosis,28 stimulation of angiogenesis29 and
suppression of immunosurveillance.30 However, the in vivo relevance of these ﬁndings has not been fully determined.18
Several in vitro and animal studies have shown that COX-2
overexpression can stimulate angiogenesis, a process that is essential for tumor growth and metastasis.29,31,32 Tsujii et al.29 demonstrated that COX-2-overexpressing colorectal cancer cell lines
secrete several angiogenic factors, including VEGF, bFGF and
PDGF, and promote endothelial cell tube formation in coculture
systems. Selective COX-2 inhibitors blocked neovascularization
in a rat sponge model31 and inhibited tumor growth and angiogenesis of gastrointestinal tumor xenografts in athymic mice.32
However, whether COX-2 participates in angiogenesis in
human cancer remains unclear.33,36 A positive correlation was
reported between COX-2 expression, VEGF expression and tumor
MVC in colorectal cancer34 and between COX-2 expression and
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Interaction between cancer cells and adjacent stromal cells is
important to promote tumor development. Our aim was to study
total COX-2 mRNA expression in both cancer cells and surrounding stromal cells and its association with angiogenic factor VEGF
mRNA expression, tumor angiogenesis and prognosis in patients
with NSCLC. COX-2 mRNA expression in both cancer cells and
stromal tissue was analyzed using real-time quantitative (RTQ)
RT-PCR in 60 NSCLC surgical specimens. Immunohistochemistry
(IHC) was used to localize COX-2 protein in tumor specimens.
Correlations between tumoral total COX-2 mRNA expression and
VEGF mRNA expression (measured by RTQ RT-PCR), intratumoral microvessel counts (evaluated by IHC), other clinicopathologic variables, survival and relapse were tested. COX-2 protein
expression was found in cancer as well as the surrounding stromal
cells (including inﬁltrating inﬂammatory cells and endothelial cells
of tumor-associated microvessels). VEGF protein expression was
mainly located in cancer cells. There was a signiﬁcant association
between high tumoral total COX-2 mRNA expression and high
VEGF mRNA expression ( p = 0.01) or high intratumoral MVC
( p < 0.001) but not other clinicopathologic variables, including
tumor status and lymph node metastasis. Patients with higher
tumoral total COX-2 mRNA expression had a statistically shorter
survival time (median 15.0 6 2.61 months) and relapse time
(median 5.0 6 1.37 months) than those with lower tumoral total
COX-2 mRNA expression (median 40.0 6 3.12 and 34.0 6 3.11
months; p < 0.0001 and p < 0.0001, respectively, log-rank test). A
signiﬁcant difference in survival and relapse time was also seen
between patients with high and low tumoral VEGF mRNA expression and between those with high and low intratumoral MVC (p =
0.0046 and p = 0.0038, respectively). After stratiﬁcation by disease
stage or histologic subtype, the prognostic signiﬁcance of high
total COX-2 mRNA expression was still apparent in both stage I
and stage II–IV and in both squamous cell carcinoma and adenocarcinoma ( p  0.01 for all). Multivariate analysis using the Cox
regression model with backward elimination showed that tumoral
total COX-2 mRNA expression and lymph node status were the 2
most important independent prognostic predictors for survival
and disease relapse. We report that total COX-2 mRNA expression in cancer cells and surrounding stromal cells correlates
strongly and positively with VEGF mRNA expression, intratumoral MVC and adverse prognosis in NSCLC patients. This
implies that COX-2 expression in both cancer cells and stromal
cells within the tumor microenvironment may play an important
role in upregulating the expression of the angiogenic factor VEGF
and tumor angiogenesis in NSCLC and explains, in part, the
adverse prognostic effect of COX-2 overexpression in patients
with NSCLC.
' 2005 Wiley-Liss, Inc.
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Population-based studies have established that long-term intake
of NSAIDs reduces the relative risk of developing colorectal cancers and several other human cancers.1,2 Laboratory and animal
studies have shown that COX-2 may be involved in carcinogenesis, tumor promotion and progression.1,8 Oshima et al.9 have
shown that COX-2 gene knockout can suppress intestinal polyp
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quent quantiﬁcation of COX-2 mRNA and VEGF mRNA expression. Histopathology of the archived frozen tissues was conﬁrmed
by a pathologist to be similar to that of the parafﬁn-embedded
tissues.
Patient survival time was calculated from the date of operation
to the date of death. Relapse time was calculated from the date of
operation to the date of local recurrence or distant metastasis. We
arbitrarily deﬁned early relapse as local recurrence or distal metastasis occurring earlier than the median value for relapse time and
short survival as survival time less than the median value. The follow-up period lasted up to 60 months.
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Quantiﬁcation of COX-2 mRNA and VEGF mRNA expression
using RTQ RT-PCR
An RNA extraction kit (RNeasy Mini-kit; Qiagen, Valencia,
CA) was used to extract total RNA from frozen resected tumor
tissue.
RTQ RT-PCR, a newly developed kinetic quantitative RT-PCR
method (based on the TaqMan reaction), is considered to be one
of the most sensitive and accurate methods for the quantiﬁcation
of nucleic acid (DNA and RNA) in tissue samples.53 We used
RTQ RT-PCR for the relative quantiﬁcation of COX-2 mRNA
and VEGF mRNA in tumor specimens, using TBP mRNA,56 a
low-abundance housekeeping gene, as an internal control. The
real-time RT-PCR product of TBP was also used to assess RNA
integrity.

Ce

Primers, probes and reference internal control mRNA
Primers and probes were designed using Primer Express software (Perkin-Elmer Applied Biosystems, Foster City, CA). Primers and probes were synthesized by, and purchased from,
Perkin-Elmer Applied Biosystems. Based on the cDNA sequence
(Genbank accession m59979), COX-2 mRNA contains 9 exons
and 8 exon–exon junctions. Primers and the probe used for RTQ
RT-PCR of COX-2 mRNA were (forward) 50 -ATGGAATTACCCAGTTTGTTGAATC-30 (exon 6), (reverse) 50 -TGGAAGCCTGTGATACTTTCTGTACT-30 (exon 7) and (probe) 50 -6FAMTCCTACCACCAGCAACCCTGCCA-TAMRA-30 (6FAM-reporter dye, TAMRA-quench dye), spanning the exon 6–7 junction, to
avoid quantiﬁcation of the PCR product contaminating COX-2
genomic DNA. Sequences of the primers and probe used for
VEGF mRNA quantiﬁcation, chosen using VEGF cDNA sequence
data (accession m32977), were (forward) 50 -GCA CCC ATG
GCA GAA GG-30 (in exon 2), (reverse) 50 -CTC GAT TGG ATG
GCA GTA GCT-30 (in exon 3) and (probe) 50 -6FAM-ACG AAG
TGG TGA AGT TCA TGG ATG TCT ATC AC-TAMRA -30 ,
spanning the exon 2–3 junction, to avoid quantiﬁcation of the
PCR product contaminating VEGF genomic DNA. TBP mRNA
was used as internal control, and the sequence of the primers and
probe, designed using the same method,56 were (forward) 50 -CACGAACCACGGCACTGATT-30 , (reverse) 50 -TTTTGTTGCTGC
CAGTCTGCAC-30 and (probe) 50 -6FAM-TGTGCACAGGAG
CCAAAGAGTGAAGA-TAMRA -30 .
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VEGF expression or MVC in head-and-neck squamous cell carcinoma35 and endometrial carcinoma.36 In terms of human lung cancer, investigations into COX-2 expression and tumor angiogenesis
have been limited and have given conﬂicting results regarding the
relationship between COX-2 upregulation and angiogenic factor
expression.37,38
COX-2 overexpression has been associated with adverse prognosis in patients with colon, bladder, pancreatic, gastric and cervical cancers as well as head-and-neck squamous cell
carcinoma35,39,43 but not with prognostic signiﬁcance in human
malignant melanoma.24 The few studies on the prognostic signiﬁcance of COX-2 expression in NSCLC have given different
results.37,38,44 COX-2 expression was not associated with prognostic outcome in some studies37,44 but was associated, with borderline statistical signiﬁcance, with stage I adenocarcinoma in other
studies.38,44 In addition, there are no conclusive data on COX-2
expression and its prognostic signiﬁcance in different histologic
types of NSCLC.38,45
VEGF is the most potent mitogen for vascular endothelial
cells,46 and its expression has been strongly correlated with tumor
angiogenesis in a variety of human cancers, including lung cancer.47,50 However, to the best of our knowledge, there is no evidence that directly and positively links COX-2 expression, VEGF
expression, MVC and outcome in NSCLC.
In a variety of human cancer biopsy specimens, COX-2 is overexpressed not only in cancer cells but also in stromal cells, including macrophages, ﬁbroblasts and endothelial cells.18,51 COX-2
expression is considered to be important in cytokine-induced
angiogenesis in corneal angiogenesis models33,51 and in promoting
tumor-associated angiogenesis in COX-2–/– mice.33,52 Most previous studies37,38,44 used IHC staining or ISH to evaluate COX-2
expression in cancer cells themselves but did not assess expression
in the stromal compartment.
In the present study, we used RTQ RT-PCR, one of the most
accurate methods for quantifying gene copies and mRNA expression,53 to assess total COX-2 mRNA expression in cancer and
stromal cells in NSCLC and the relationship between tumoral total
COX-2 mRNA expression, angiogenic factor VEGF mRNA
expression (one of the most potent mitogens for vascular endothelial cells), MVC and patient outcome. Our aims were (i) to correlate tumoral total COX-2 mRNA expression with VEGF mRNA
expression, tumoral MVC and other clinicopathologic variables;
(ii) to correlate total COX-2 mRNA expression, VEGF mRNA
expression and MVC with survival and relapse; (iii) to determine
if there was a difference in prognostic signiﬁcance of tumoral total
COX-2 mRNA expression between early and late disease stages
and between squamous cell carcinoma and adenocarcinoma; and
(iv) to determine, by multivariate analysis, the most important
independent prognostic factors in NSCLC.
Material and methods
Patients and tissue samples
Between January 1995 and July 1997, 70 sequential patients
underwent surgical resection for NSCLC in our institution. Of
these, 2 were excluded due to inappropriate specimen storage, 3
due to lack of clinical follow-up and 5 due to mortality from postoperation complications; 60 patients were therefore included in
the study. These consisted of 40 men and 20 women, with a mean
age of 62 6 12 years. Among these patients, 23 had postoperation
adjuvant chemotherapy and/or postoperation radiotherapy and 2
had neoadjuvant chemotherapy. Histologic classiﬁcation of
NSCLC was determined as recommended by the WHO,54 and
tumor staging was performed according to the TNM system recommended by the American Joint Committee on Cancer.55 Parafﬁn-embedded, formalin-ﬁxed surgical specimens were collected
for IHC staining for COX-2 protein, VEGF protein and intratumoral microvessel endothelial cells. Tumor tissue (including cancer cells and stromal cells), obtained immediately after surgery,
was placed in liquid nitrogen and stored frozen at –808C for subse-

RT-PCR procedure
The ampliﬁcation mixture (50 ml) contained 50 ng of sample
RNA; 5  TaqMan EZ buffer (10 ml); 25 mM manganese acetate
(6 ml); 300 mM dATP, dCTP and dGTP; 600 mM dUTP; 5 units of
rTth DNA polymerase; 0.5 units of AmpErase uracil N-glycosylase; 200 nM COX-2 (or VEGF) forward and reverse primers; and
100 nM COX-2 (or VEGF) probe. The rTth DNA polymerase had
both RTase and Taq polymerase activity. Thermal cycling parameters were an initial step of 2 min at 508C, 30 min at 608C for
reverse transcription, 5 min at 958C for deactivation, then 40
cycles at 948C for 20 sec and 598C for 1 min for the melting and
combined annealing and extension phases of the PCR. Each assay
included duplicate standard curve samples, a no-template control
and triplicate total RNA samples. All samples with a coefﬁcient of
variation >10% were retested.
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TABLE I – CLINICOPATHOLOGIC CHARACTERISTICS AND TUMORAL TOTAL COX-2 mRNA EXPRESSION
IN 60 PATIENTS WITH NSCLC
Variable

Number of cases

High total Cox-2
expression 1(n ¼ 30)

Low total Cox-2
expression (n ¼ 30)

p2

60

Age (years)
 63
< 63

33
27

17
13

16
14

0.795

Sex
Male
Female

40
20

23
7

17
13

0.100

Histology
Squamous cell carcinoma
Adenocarcinoma

26
34

14
16

12
18

0.602

T status
T1
T2–4

15
45

8
22

7
23

0.766

N status
N0
N1–3

29
31

14
16

15
15

0.796

Stage
I or II
IIIA, IIIB or IV

33
27

15
15

18
12

0.463

Radiotherapy or chemotherapy
Positive
Negative

25
35

11
19

14
16

0.432
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Total

A cut-off value (DCt) of 0.045 was used to separate tumors with high and low tumoral total.–2p values derived from 2 test. p < 0.05 indicates statistical signiﬁcance. COX-2 mRNA expression.
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FIGURE 1 – Quantiﬁcation of
COX-2 mRNA expression in
tumor samples by RTQ RT-PCR.
(a) Ct values for COX-2 mRNA
expression. (b) Standard curve. For
each reaction, the ﬂuorescence signal of the reporter dye (FAM) was
divided by the ﬂuorescence signal
of the passive reference dye
(ROX) to obtain a ratio deﬁned as
the normalized reported signal
(Rn). DRn represents the normalized reporter signal (Rn) minus the
baseline signal and is plotted
against the cycle number. The Ct
value represents the fractional
cycle number at which a signiﬁcant increase in Rn above a chosen
threshold (horizontal black line)
can ﬁrst be detected. Standard
curves show plots of Ct values
against the log starting quantity of
COX-2 mRNA. Black dots represent data for standard samples and
red dots, data for unknown tissue
samples.
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Detection of ﬂuorescence emission and quantiﬁcation of COX-2
and VEGF mRNA
Fluorescence emission from the reporter dye (6FAM, peak ﬂuorescence emission 518 nm) was detected on-line in real time using
an ABI prism 7700 sequence detection system (Perkin-Elmer
Applied Biosystems). The amount of COX-2 mRNA or VEGF
mRNA in the tissue, standardized to TBP mRNA, was expressed as
–DCt ¼ –[Ct COX-2 (or VEGF) – Ct TBP]. The COX-2 or VEGF mRNA/
TBP mRNA ratio was then calculated as 2–DCt  K (K, constant).
IHC staining for COX-2 protein, VEGF protein and microvessels
IHC staining for COX-2 protein and microvessels was performed using the avidin-biotin peroxidase method, with modiﬁcations as described previously.57 Mouse MAbs against COX-2

FIGURE 2 – IHC staining showing COX-2 protein in the cytoplasm
of cancer cells (a, squamous cell carcinoma; b,c, adenocarcinoma) and
the surrounding stromal cells, including inﬂammatory cells (arrows in
c,d) and microvessel endothelial cells (arrowheads in c,e) (avidinbiotin peroxidase complex method, 200 and 400 magniﬁcation).

protein (PG-27, 1:100 dilution; Oxford Biomedical Research,
Oxford, UK), VEGF (1:50 dilution; Upstate Biotechnology, NY)
or a polyclonal mouse anti-CD34 antiserum (1:100 dilution;
Novocastra, Newcastle, UK; an endothelial cell marker) were used
as primary antibodies. A colon cancer specimen known to overexpress COX-2 was used as the positive control for COX-2 protein
expression, bronchial epithelium was used as the positive control
for VEGF protein expression and the capillary surrounding the
alveoli of normal lung tissue was used as the positive control for
anti-CD34 staining. Negative controls were sections stained without the use of primary antibodies or using a control IgG instead of
primary antibodies.
To evaluate the expression of VEGF protein, we established a
score corresponding to (i) the percentage of positively staining
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FIGURE 3 – IHC staining of
microvessel
endothelial
cells
(brown color) (avidin-biotin peroxidase complex method, 200
magniﬁcation).
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TABLE II – VEGF mRNA EXPRESSION, MVC AND PATIENT OUTCOMES IN TUMORS WITH HIGH OR LOW TOTAL
COX-2 mRNA EXPRESSION
Tumoral COX-2 mRNA expression

Variables

er

Low (Dt < 0.045)

30
8.24 6 2.03
92.6 6 41.5
40.0 6 3.12
34.0 6 3.11

nc

Number of cases
VEGF mRNA expression2
MVC
Survival (months)
Relapse (months)

p1

High (Dt  0.045)

30
9.89 6 2.40
138.2 6 52.3
15.0 6 2.61
5.00 6 1.37

0.006
<0.001
<0.0001
<0.0001

hC
a

1
p values for difference of VEGF mRNA and MVC derived from independent 2-tailed t-test. Survival
and relapse were expressed as median 6 SE; p value for difference of survival and relapse derived from
log-rank test. p < 0.05 indicates statistical signiﬁcance.–2Value from DCt = [Ct (VEGF)Ct(TBP)].
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cells and (ii) the staining intensity: grade 0, negative; grade 1,
weak; grade 2, moderate; grade 3, high; grade 4, very high.49
A similar semiquantitative IHC scoring method was also used for
quantifying COX-2 protein expression in tumor cells or stromal
cells. Scores ranged 0–3. Interobserver correlations for VEGF and
COX-2 immunostaining were good (r ¼ 0.88 and r ¼ 0.80,
respectively; p < 0.001).
Analysis of MVCs
Brown-immunostained endothelial cell clusters that were
clearly separated from one another were considered as a single
microvessel.57 Microvessels in the area of most intense neovascularization were counted in 3 randomly chosen 200 ﬁelds (20
objective with 10 ocular, 0.785 mm2/ﬁeld), and the average of 3
readings was taken as the MVC.
MVC was determined by 2 independent observers with no
knowledge of the clinicopathologic variables, including COX-2 or
VEGF mRNA expression. The interobserver correlation for MVC
was good (r ¼ 0.86, p < 0.001).
Statistical analysis
All statistical analyses were performed using SPSS (Chicago,
IL) for Windows software (version 10.0). –DCt and MVC values
were analyzed as both continuous and dichotomous variables.
Median values were used as the cut-off to distinguish between low
and high levels of COX-2 or VEGF mRNA expression and

between low and high MVCs. The independent sample 2-tailed ttest was used for comparison of VEGF mRNA expression and the
MVC in tumors with high or low COX-2 mRNA expression. The
w2 test58 was used to compare categorical tumor variables. The
correlation between tumoral COX-2 mRNA expression and VEGF
mRNA or MVC was analyzed by linear regression.58 The survival
curve was obtained using the Kaplan-Meier method,59 and differences in survival between patients with high and low COX-2
mRNA expression, high and low VEGF mRNA expression and
high and low MVC were tested using the log-rank test.58 The odds
ratio was used to evaluate the relative risk of occurrence of relapse
and mortality in patients with high tumoral COX-2 mRNA expression compared to patients with low expression. Multivariate analysis with the Cox regression model with backward elimination was
used to identify the most important independent prognostic factors
for predicting survival and relapse in NSCLC patients. p < 0.05
was considered statistically signiﬁcant. When appropriate, the data
are presented as means 6 SD.

Results
Clinicopathologic variables
The clinicopathologic data for the 60 patients with NSCLC are
listed in Table I. Using the medians for survival (27 months) and
relapse time (14 months), 30 patients had short survival and 30,
early disease relapse.
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staining was scattered or diffuse in squamous cell carcinomas and
adenocarcinomas (Fig. 2a,b). Inﬂammatory cells and microvessel
endothelial cells in stroma also showed strong positive staining
(Fig. 2c–e). High COX-2 protein expression (assessed by the
semiquantitative IHC scoring method) was associated with high
total COX-2 mRNA expression in tumor cells (p ¼ 0.113, w2 test)
and in stromal cells (p ¼ 0.176, w2 test). The high total COX-2
protein expression (combination of tumor cell and stromal cell
scores) was strongly and signiﬁcantly associated with high total
COX-2 mRNA expression, quantiﬁed by RTQ RT-PCR in lung
cancers (p ¼ 0.019, w2 test)
VEGF proteins were expressed predominantly in the cytoplasm
of lung cancer cells of tumor specimens. Little staining was found
in the stromal cells or tissue. VEGF expression in cancer cells was
evaluated by a semiquantitative grading method, and the mean 6
SD was 2.9 6 0.97. There was a strong correlation between VEGF
protein expression assessed by IHC and tumoral VEGF mRNA
expression quantiﬁed by RTQ RT-PCR (r ¼ 0.91, p < 0.001).
Endothelial cells of the microvessels stained positive with
CD34 MAb (Fig. 3). MVC in lung cancer tissue ranged 22–238
(per 200 ﬁeld), the mean 6 SD being 115 6 52.1 and the
median being 102. Using the median value as the cut-off, 31
tumors had high MVC and 29, low MVC.
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Correlation between total COX-2 and VEGF mRNA expression
VEGF mRNA expression in tumors with high total COX-2
mRNA expression was signiﬁcantly higher than in those with low
total COX-2 mRNA expression (–DCt ¼ 9.89 6 2.40 vs. 8.24 6
2.03, respectively; p ¼ 0.006, independent sample t-test) (Table
II). Tumors with high total COX-2 mRNA expression showed a
greater frequency of high VEGF mRNA expression (–DCt VEGF 
8.75, 20 of 30) than those with low total COX-2 mRNA expression (10 of 30; p ¼ 0.01, w2 test). When COX-2 or VEGF mRNA
expression was treated as a continuous variable, linear regression
showed that tumoral total COX-2 mRNA expression correlated
positively with VEGF mRNA expression (r ¼ 0.256, p ¼ 0.048)
(Fig. 4a).

ra

FIGURE 4 – Correlation of tumoral COX-2 mRNA expression with
VEGF mRNA expression (a) and MVC (b) in NSCLC. Linear regression shows a signiﬁcant positive correlation between tumoral COX-2
mRNA expression (x axis) and VEGF mRNA expression (y axis) (r ¼
0.256, p ¼ 0.048) and between tumoral COX-2 mRNA expression
(x axis) and MVC (y axis) (r ¼ 0.313, p ¼ 0.015).
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Tumoral COX-2 and VEGF mRNA expression
COX-2 mRNA expression in tumor tissue (including both cancer cells and stromal cells) standardized to TBP mRNA was
expressed as –DCt ¼ –(Ct COX-2 – Ct TBP). Figure 1 shows the Ct
value for COX-2 mRNA expression and the corresponding standard curve. The –DCt value for COX-2 mRNA expression in the 60
lung cancer tissue samples ranged from –4.79 to 10.85, with a
mean 6 SD of 0.11 6 2.75 and a median of 0.045. Using the
median value as the cut-off, 30 tumors showed high COX-2
mRNA expression and 30, low expression. When compared to
other clinicopathologic variables, high COX-2 mRNA expression
was not associated with histologic type, sex, age, tumor status,
lymph node status, tumor stage or radiotherapy/chemotherapy status (Table I).
VEGF mRNA expression in tumor samples, expressed as –DCt,
ranged 4.36–14.30, with a mean 6 SD of 9.07 6 2.36 and a
median of 8.75. Using the median value as a cut-off point, 30
tumors had high VEGF mRNA expression and 30, low expression.
IHC staining for COX-2 protein, VEGF protein and microvessel
endothelium
Both lung cancer cells and stromal cells stained positive for
COX-2 protein expression. In lung cancer cells, COX-2 protein

Correlation between total COX-2 mRNA expression and MVC
The MVC in tumors with high total COX-2 mRNA expression
was 138.2 6 52.3, signiﬁcantly higher than that in tumors with
low total COX-2 mRNA expression (92.6 6 41.5, p < 0.001,
independent sample t-test) (Table II). A high MVC (102, 200)
was seen in 23 of 30 tumors with high total COX-2 mRNA expression but in only 8 of 30 with low total COX-2 mRNA expression
(p < 0.001, w2 test). Linear regression also showed that there was
a signiﬁcant positive correlation between tumoral total COX-2
mRNA expression and intratumoral MVC (r ¼ 0.313, p ¼ 0.015)
(Fig. 4b).
COX-2 mRNA, VEGF mRNA, MVC and prognosis
As shown in Table II, the median survival time for patients with
tumors with high total COX-2 mRNA expression (–DCt  0.045)
was 15.0 6 2.61 months, signiﬁcantly shorter than that for patients
with tumors with low total COX-2 mRNA expression (40.0 6
3.12 months, p < 0.0001) (Fig. 5a).
After stratiﬁcation of surgicopathologic stages into stage I and
stage II–IV, patients with tumors with high total COX-2 mRNA
expression still had a signiﬁcant shorter survival than patients with
tumors with low total COX-2 mRNA expression (p ¼ 0.0015
for stage I, p < 0.0001 for stage II–IV, log-rank test) (Fig. 5b,c).
After stratiﬁcation by histologic types, the survival difference
between patients with tumors with high and low total COX-2
mRNA expression was still signiﬁcant (p ¼ 0.017 for squamous
cell carcinoma, p ¼ 0.0001 for adenocarcinoma, log-rank test)
(Fig. 5d,e).
High COX-2 protein expression in tumor cells was associated
with short patient survival (p ¼ 0.03). In contrast, the association
between high COX-2 protein expression in stromal cells and short
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patient survival did not reach statistical signiﬁcance (p ¼ 0.28).
However, when we combined COX-2 IHC scores in these 2 compartments, the results showed that high total COX-2 expression (in
both tumor and stromal cells) was strongly and signiﬁcantly associated with short survival (p ¼ 0.0016).
Tumoral VEGF mRNA expression and MVC both correlated
negatively with survival. Survival for patients with high tumoral
VEGF mRNA or a high intratumoral MVC was signiﬁcantly
shorter than for those with tumors with low VEGF mRNA
expression or a low intratumoral MVC (p ¼ 0.0046 for VEGF
mRNA expression and p ¼ 0.0038 for MVC, log-rank test)
(Fig. 6a,b).

FIGURE 5 – Kaplan-Meier survival plots for NSCLC patients,
grouped according to COX-2 mRNA expression in tumors. The difference in survival between the high (–DCt  0.045) and low (–DCt 
0.045) COX-2 mRNA expression groups was signiﬁcant (p < 0.0001,
log-rank test) (a). After stratiﬁcation by disease stage (stage I vs. stage
II–IV), the difference in survival between the high and low COX-2
mRNA expression groups was still signiﬁcant (p ¼ 0.0015 for stage I,
p < 0.0001 for stage II–IV disease, log-rank tests) (b,c). After stratiﬁcation by histologic type (squamous cell carcinoma vs. adenocarcinoma), the difference in survival between the high and low COX-2
mRNA expression groups was still statistically signiﬁcant (p ¼ 0.017
for squamous cell carcinoma, p ¼ 0.0001 for adenocarcinoma, logrank tests) (d,e). *Value was derived from –DCt.

Tumoral total COX-2 mRNA expression also correlated with
disease relapse in NSCLC. The median relapse time for patients
with tumors with high total COX-2 mRNA expression was 5.0 6
1.37 months, signiﬁcantly shorter than that for patients with
tumors with low total COX-2 mRNA expression (34.0 6 3.10
months; p < 0.0001, log-rank test) (Table II). This difference in
relapse time was still signiﬁcant after stratiﬁcation by disease
stage (p ¼ 0.0084 for stage I, p < 0.0001 for stage II–IV) or by
histologic type (p ¼ 0.0097 for squamous cell carcinoma, p <
0.0001 for adenocarcinoma).
Patients with tumors with high VEGF mRNA or a high intratumoral MVC also had a signiﬁcantly shorter relapse time than those
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respectively) and disease relapse (local recurrence or distal metastasis; p < 0.0001 and p ¼ 0.0006, respectively) (Table IV).
Discussion
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In our study, using IHC staining, we found that elevated COX-2
protein was expressed not only in lung cancer cells but also in
tumor-inﬁltrating inﬂammatory cells and microvessel endothelial
cells. In contrast, VEGF protein was mainly expressed in cancer
cells. We used RTQ RT-PCR to evaluate total COX-2 mRNA
expression in cancer and surrounding stromal cells in NSCLC and
investigated the relationship between total COX-2 mRNA expression and VEGF mRNA expression (one of the most potent endothelial cell-speciﬁc angiogenic factors), intratumoral MVC or
prognosis in NSCLC. Our results showed that tumoral total COX2 mRNA expression (in cancer and stromal cells) correlated positively with VEGF mRNA expression and MVC. High tumoral
COX-2 mRNA expression was also signiﬁcantly associated with
early relapse and short survival. Stratiﬁcation analysis showed that
the prognostic signiﬁcance was valid in both stage I and stage II–
IV disease and in both squamous cell carcinoma and adenocarcinoma. Nevertheless, the relative risk of patients with high tumoral
total COX-2 mRNA expression having a disease relapse and mortality tended to be higher in advanced disease, and the relative risk
of patients with high tumoral total COX-2 mRNA expression having a disease relapse tended to be higher in adenocarcinoma. Thus,
our in vivo evidence positively links total tumoral COX-2 mRNA
expression in both cancer and stromal cells with VEGF mRNA
expression, intratumoral MVC and prognosis in patients with
NSCLC and shows that the prognostic signiﬁcance of COX-2
mRNA expression is valid in early (stage I) and late (stage II-IV)
disease and in squamous cell carcinoma and adenocarcinoma.
The mechanism by which COX-2 contributes to tumor angiogenesis has been investigated in several in vitro and animal studies.29,31,32 Tsujii et al.29 used an endothelial cell/colon cancer
coculture system and showed that COX-2-overexpressing CaCo-2
and HCA-7 cells stimulate endothelial cell motility and tube formation by increasing the production of proangiogenic factors,
including VEGF, bFGF and PDGF, and that this effect is blocked
by NS-398, a selective COX-2 inhibitor. COX-2 metabolic products, such as PGE2, PGI2 and thromboxane A2, increase endothelial cell migration and experimental angiogenesis.60,61 COX-2 also
plays a role in the activation of survival genes, such as Bcl-2 and
serine threonine kinase Akt, which may contribute to apoptosis
resistance in endothelial cells.28,62
Several in vitro studies have suggested that VEGF is one of the
most important factors involved in the stimulation of tumor angiogenesis by COX-2.9,52,63 Oshima et al.9 showed that treatment of
APCD716 mice with a speciﬁc COX-2 inhibitor resulted in a dosedependent reduction in the number and size of colon polyps and in
a signiﬁcant decrease in VEGF production. Gallo et al.63 showed
that COX-2 activation in the epidermal tumor cell lines CA-431
and SCC-91 causes rapid induction of VEGF mRNA and protein
production in neoplastic cells. COX-2–/– mouse ﬁbroblasts also
showed a 94% reduction in VEGF protein levels compared to
wild-type ﬁbroblasts.52 However, only a few in vivo studies have
demonstrated upregulation of VEGF expression and subsequent
tumor angiogenesis by COX-2 overexpression in human cancer;
this has been shown in colorectal cancer,34 head-and-neck squamous cell carcinoma35 and endometrial carcinoma.36
Our study shows that tumoral total COX-2 mRNA expression in
cancer and stromal cells correlates positively with VEGF mRNA
expression, intratumoral MVC and prognosis in NSCLC. This provides in vivo evidence that COX-2 overexpression in cancer cells
and stromal cells plays an important role in upregulation of VEGF
expression and enhancement of tumor angiogenesis in NSCLC.
Our results also support, in part, the ﬁndings of Marrogi et al.,37
who showed a correlation between expression of nitric oxide synthase, COX-2 and VEGF protein in NSCLC cancer cells but no
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FIGURE 6 – Kaplan-Meier survival plots for NSCLC patients
grouped according to high or low tumoral VEGF mRNA expression
(a) and high or low intratumoral MVC (b). The difference in survival
between the high and low tumoral VEGF mRNA expression groups
(–DCt  or < 8.75) (median survival 6 SE, 16.0 6 3.12 months vs.
39.0 6 1.28 months) or high and low intratumoral MVC groups
(102 vs. < 102, 200) (median survival 6 SE, 17.0 6 2.69
months vs. 39.0 6 1.11 months) was statistically signiﬁcant ( p ¼
0.0046 and p ¼ 0.0038, respectively, log-rank test).

with tumors with low VEGF mRNA expression or a low intratumoral MVC (p ¼ 0.0033 for VEGF mRNA expression, p ¼
0.0117 for MVC).
In addition, we used the odds ratio to evaluate the relative risk
of occurrence of relapse or mortality in patients with high tumoral
total COX-2 mRNA expression compared to those with low
tumoral total COX-2 mRNA expression (Table III). The relative
risk of patients with tumors with high total COX-2 mRNA expression having a disease relapse or mortality tended to be higher in
those with late disease stages (stage III–IV) (odds ratios ¼ 5.87
and 12.64, respectively), while the relative risk for disease relapse
tended to be higher in patients with adenocarcinoma (odds ratio ¼
6.44).
Multivariate analysis using the Cox regression model with
backward elimination showed that, among the potential prognostic
factors (age, sex, tumor status, nodal status, disease stage, COX-2
mRNA expression, VEGF mRNA expression and MVC), tumoral
total COX-2 mRNA expression and lymph node metastasis were
the most important for survival (p < 0.0001 and p < 0.0001,
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TABLE III – RELATIVE RISK (RR) AND 95% CONFIDENCE INTERVAL (CI) OF RELAPSE AND MORTALITY FOR
PATIENTS WITH HIGH COMPARED TO LOW TOTAL TUMORAL COX-2 mRNA EXPRESSION
Number

RR (95% CI)
for relapse

RR (95% CI)
for mortality

Total

60

4.71 (2.41–9.19)

Stage
1–2
3–4

5.68 (2.70–11.96)

33
27

4.15 (1.64–10.47)
5.87 (2.10–16.38)

5.63 (1.88–16.84)
12.64 (2.17–59.00)

Histology
Squamous cell carcinoma
Adenocarinoma

26
34

3.28 (1.24–8.55)
6.44 (2.51–16.51)

6.20 (1.70–22.67)
5.57 (2.11–14.74)

1

RR for early relapse and short survival derived from odds ratio of Cox regression analysis.

om

TABLE IV – MULTIVARIATE ANALYSIS WITH COX REGRESSION MODEL FOR PATIENT SURVIVAL
AND DISEASE RELAPSE1
95% CI

p2

11.084
0.194

3.16–31.13
0.07–0.48

<0.0001
<0.0001

7.675
0.284

3.56–16.56
0.14–0.58

<0.0001
0.0006

SE

Exp(B)

Survival
Total COX-2 mRNA expression
Lymph node status

2.405
1.639

0.467
0.428

Relapse
Total COX-2 mRNA expression
Lymph node status

2.038
1.26

0.392
0.369

nte
r.c
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between COX-2 overexpression in cancer cells and survival in
stage I NSCLC (p ¼ 0.106).
In our study, after stratiﬁcation by disease stage (stage I vs.
stage II–IV), the prognostic signiﬁcance (survival and relapse) of
total COX-2 mRNA overexpression was still valid in both early
and late disease stage subgroups. This implies that COX-2 expression might have an effect on facilitating tumor progression and
metastasis in both the early and late stages of NSCLC. However,
although one study emphasized that adenocarcinoma is the main
histologic subtype with high COX-2 protein expression in
NSCLC,45 our data and those of others38 did not show any difference in COX-2 expression between the 2 main histologic types of
NSCLC, i.e., squamous cell carcinoma and adenocarcinoma. Furthermore, few studies have compared the prognostic signiﬁcance
of tumoral COX-2 expression in squamous cell carcinoma and
adenocarcinoma. Our data showed that, after stratiﬁcation by these
2 histologic types, the prognostic effect (survival and disease
relapse) of total COX-2 mRNA expression was still statistically
signiﬁcant in both subgroups. The relative risk of disease relapse
for patients with high tumoral COX-2 mRNA (compared to low
COX-2 mRNA) was 4.71 for total, 4.15 for early stage, 5.87 for
advanced stage, 3.26 for squamous cell carcinoma and 6.44 for
adenocarcinoma. The relative risk of mortality for patients with
high tumoral COX-2 mRNA was 5.68 for total, 5.63 for early
stage, 12.64 for late stage, 6.20 for squamous cell carcinoma and
5.57 for adenocarcinoma. The relative risk for patients with high
tumoral COX-2 mRNA expression having a relapse and mortality
tended to be higher with advanced disease stage, while the relative
risk of disease relapse tended to be higher in adenocarcinoma,
though the trend did not reach statistical signiﬁcance. This information might be important in the choice of adjuvant therapy with
selective COX-2 inhibitors for NSCLC patients.
Our results showed that total tumoral COX-2 mRNA expression
did not correlate with tumor size, lymph node status or other classical clinicopathologic prognostic factors. This implies that tumor
COX-2 mRNA expression may be an independent prognostic factor for patients with NSCLC. Multivariate analysis using the Cox
regression model conﬁrmed that COX-2 mRNA expression and
lymph node metastasis were the 2 most important prognostic predictors for survival and relapse.
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correlation between these factors and patient survival. In contrast,
Khuri et al.38 studied COX-2 mRNA expression using ISH in
patients with NSCLC cells and found no correlation between
COX-2 mRNA expression and expression of angiogenic factors,
including VEGF, IL-8, bFGF and MVC. This difference may be
due to the different methods used to detect COX-2 expression.
Khuri et al.38 used ISH to detect COX-2 mRNA expression in
cancer cells, while we used RTQ RT-PCR to detect total COX-2
mRNA expression in cancer cells and stromal tissue in lung cancer
specimens. In our IHC staining, COX-2 protein was found in the
cancer cells, stromal inﬂammatory cells and microvascular endothelial cells. A similar distribution of COX-2 protein has been
shown in colon, breast and prostate cancers as well as malignant
melanoma.33,51,52 The cancer cell–stromal cell interaction has
been considered important for tumor growth and progression.18,64
COX-2 might also facilitate tumor progression through effects on
cancer cells themselves (cell autonomous effects) and on the stromal microenvironment (landscaping effects).18 Thus, evaluation
of COX-2 expression in both cancer and stromal cells might be a
more reasonable method to use in future investigations. RTQ RTPCR can provide a way to accurately quantitate COX-2 mRNA
expression in both cancer cells and the stromal cell compartment
in solid tumors. This difference in methods to assess COX-2
expression in tumor specimens (cancer cells vs. cancer cells plus
stromal cells) may explain, in part, the difference in results
between our and other studies.
COX-2 overexpression has been associated with an adverse
prognosis in a variety of human cancers, including colorectal cancer, cervical cancer, pancreatic cancer, mesothelioma and invasive
bladder cancer.35,39,42,65 In our study, we also showed that survival
time and relapse time were signiﬁcantly shorter in NSCLC
patients with tumors with high total COX-2 mRNA expression in
cancer cells and stromal cells. Several studies have investigated
the prognostic signiﬁcance of COX-2 expression in NSCLC but
with different results.37,38,44 Marrogi et al.37 showed no signiﬁcant
correlation between COX-2 protein expression in cancer cells and
survival. Achiwa et al.44 showed no prognostic signiﬁcance of
COX-2 expression in cancer cells in their entire cohort of patients
with resected lung adenocarcinoma but a signiﬁcant relationship
between elevated COX-2 expression and short survival in the
stage I subgroup. Khuri et al.38 showed lack of a good association

Ce

1
Total COX-2 mRNA expression and lymph node status were the two factors that remained statistically
signiﬁcant in the backward elimination analysis.2p<0.05 is statistically signiﬁcant.
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We conclude that total COX-2 mRNA expression in the cancer
and stromal compartments correlates signiﬁcantly with angiogenic
factor VEGF mRNA expression and with intratumoral MVC. This
implies that COX-2 expression in cancer cells themselves and surrounding stromal cells may play an important role in the regula-

tion of VEGF expression and tumor angiogenesis and may
explain, in part, the adverse effect of COX-2 overexpression on
prognosis in NSCLC. Our results also suggest that COX-2 expression may be used as a prognostic indicator and as a therapeutic target (NSAIDs) in NSCLC patients.

References

9.

10.
11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

om

nte
r.c

8.

Ce

7.

er

6.

26. Mohammed SI, Knapp DW, Bostwick DG, Foster RS, Khan KN,
Masferrer JL, Woerner BM, Snyder PW, Koki AT. Expression of
cyclooxygenase-2 (COX-2) in human invasive transitional cell carcinoma (TCC) of the urinary bladder. Cancer Res 1999;59:5647–50.
27. Sheng H, Shao J, Morrow JD, Beauchamp RD, Dubois RN. Modulation of apoptosis and Bcl-2 expression by prostaglandin E2 in human
colon cancer cells. Cancer Res 1998;58:362–6.
28. Tsujii M, DuBois RN. Alterations in cellular adhesion and apoptosis
in epithelial cells overexpressing prostaglandin endoperoxide synthase
2. Cell 1995;83:493–501.
29. Tsujii M, Kawano S, Tsujii S, Sawaoka H, Hori M, Dubois RN.
Cyclooxygenase regulates angiogenesis induced by colon cancer. Cell
1998;93:705–16.
30. Huang M, Stolina M, Sharma S, Mao JT, Zhu L, Miller PW, Wollman
J, Herschman H, Dubinett SM. Non-small cell lung cancer cyclooxygenase-2-dependent regulation of cytokine balance in lymphocytes
and macrophages: up-regulation of interleukin 10 and down-regulation of interleukin 12 production. Cancer Res 1998;58:1208–16.
31. Majima M, Hayashi I, Muramatsu M, Katada J, Yamashina S, Katori
M. Cyclooxygenase-2 enhances basic ﬁbroblast growth factor–
induced angiogenesis through induction of vascular endothelial
growth factor in rat sponge implants. Br J Pharmacol 2000;130:
641–9.
32. Sawaoka H, Tsuji S, Tsujii M, Gunawan ES, Sasaki Y, Kawano S,
Hori M. Cyclooxygenase inhibitors suppress angiogenesis and reduce
tumor growth in vivo. Lab Invest 1999;79:1469–76.
33. Gately S. The contributions of cyclooxygenase-2 to tumor angiogenesis. Cancer Metastasis Rev 2000;19:19–27.
34. Cianchi F, Cortesini C, Bechi P, Fantappie O, Messerini L, Vannacci
A, Sardi I, Baroni G, Boddi V, Mazzanti R, Masini E. Up-regulation
of cyclooxygenase-2 gene expression correlates with tumor angiogenesis in human colorectal cancer. Gastroenterology 2001;121:
1339–47.
35. Gallo O, Masini E, Bianchi B, Bruschini L, Paglierani M, Franchi A.
Prognostic signiﬁcance of cyclooxygenase-2 pathway and angiogenesis in head and neck squamous cell carcinoma. Hum Pathol 2002;33:
708–14.
36. Fujiwaki R, Iida K, Kanasaki H, Ozaki T, Hata K, Miyazaki K. Cyclooxygenase-2 expression in endometrial cancer: correlation with
microvessel count and expression of vascular endothelial growth factor and thymidine phosphorylase. Hum Pathol 2002;33:213–9.
37. Marrogi AJ, Travis WD, Welsh JA, Khan MA, Rahim H, Tazelaar H,
Pairolero P, Trastek V, Jett J, Caporaso NE, Liotta LA, Hariis CC.
Nitric oxide synthase, cyclooxygenase 2, and vascular endothelial
growth factor in the angiogenesis of non-small cell lung carcinoma.
Clin Cancer Res 2000;6:4739–44.
38. Khuri FR, Wu H, Lee JJ, Kemp BL, Lotan R, Lippman SM, Feng L,
Hong WK, Xu SC. Cyclooxygenase-2 overexpression is a marker of
poor prognosis in stage I non-small cell lung cancer. Clin Cancer Res
2001;7:861–7.
39. Konno H, Baba M, Shoji T, Ohta M, Suzuki S, Nakamura S. Cyclooxygenase-2 expression correlates with uPAR levels and is responsible
for poor prognosis of colorectal cancer. Clin Exp Metastasis 2002;
19:527–34.
40. Tiguert R, Lessard A, So A, Fradet Y. Prognostic markers in muscle
invasive bladder cancer. World J Urol 2002;20:190–5.
41. Kong G, Kim EK, Kim WS, Lee KT, Lee YW, Lee JK, Paik SW,
Rhee JC. Role of cyclooxygenase-2 and inducible nitric oxide synthase in pancreatic cancer. J Gastroenterol Hepatol 2002;17:914–21.
42. Murata H, Kawano S, Tsuji S, Tsujii M, Sawaoka H, Kimrua Y, Shiozaki H, Hori M. Cyclooxygenase-2 overexpression enhances lymphatic invasion and metastasis in human gastric carcinoma. Am J
Gastroenterol 1999;94:451–5.
43. Ferrandina G, Lauriola L, Zannoni GF, Distefano MG, Legge F,
Salutari V, Gessi M, Maggiano N, Scambia G, Ranelletti FO.
Expression of cyclooxygenase-2 (COX-2) in tumour and stroma
compartments in cervical cancer: clinical implications. Br J Cancer
2002;87:1145–52.
44. Achiwa H, Yatabe Y, Hida T, Kuroishi T, Kozaki KI, Nakamura S,
Ogawa M, Sugiura T, Mitsudomi T, Takahashi T. Prognostic signiﬁcance of elevated cyclooxygenase 2 expression in primary, resected
lung adenocarcinomas. Clin Cancer Res 1999;5:1001–5.
45. Hida T, Yatabe Y, Achiwa H, Muramatsu H, Kozaki KI, Nakamura S,
Ogawa M, Mitsudomi T, Surgiura T, Takahashi T. Increased expres-

nc

5.

hC
a

4.

ra

3.

Fa
r

2.

Kune GA, Kune S, Wastson LF. Colorectal cancer risk, chronic
illnesses, operations, and medications: case control results from the
Melbourne Colorectal Cancer Study. Cancer Res 1998;48:4399–
404.
Thun MJ, Namboodiri MM, Heath CW Jr. Aspirin use and reduced
risk of fatal colon cancer. N Engl J Med 1991;325:1593–6.
Rosenberg L, Palmer JR, Zauber AG, Warshauer ME, Stolley PD,
Shairo S. A hypothesis: nonsteroidal anti-inﬂammatory drugs reduce
the incidence of large-bowel cancer. J Natl Cancer Inst 1991;83:
355–8.
Giardiello FM, Hamiltone SR, Krush AJ, Piantadosi S, Hylind LM,
Celano P, Booker SV, Robinson CR, Offerhause GJ. Treatment of
colonic and rectal adenomas with sulindac in familial adenomatous
polyposis. N Engl J Med 1993;328:1313–6.
Thun MJ, Namboodiri MM, Calle EE, Flanders WD, Heath CW Jr.
Aspirin use and risk of fatal cancer. Cancer Res 1993;53:1322–7.
Schreinemachers DM, Everson RB. Aspirin use and lung, colon, and
breast cancer incidence in a prospective study. Epidemiology
1994;5:138–46.
Taketo MM. Cyclooxygenase inhibitors in tumorigenesis (part I).
J Natl Cancer Inst 1998;90:1529–36.
Taketo MM. Cyclooxygenase inhibitors in tumorigenesis (part II).
J Natl Cancer Inst 1998;90:1609–15.
Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong
E, Traskos JM, Evans JF, Taketo MM. Suppression of intestinal polyposis in ApcD716 knockout mice by inhibition of cyclooxygenase 2
(COX-2). Cell 1996;87:803–9.
Kawamori T, Rao CV, Seibert K, Reddy BS. Chemopreventive activity of celecoxib, a speciﬁc cyclooxygenase-2 inhibitor, against colon
carcinogenesis. Cancer Res 1998;58:409–12.
Hershman JR. Prostaglandin synthase 2. Biochem Biophys Acta
1996;1299:125–40.
Smith WL, Dewitt DL, Garavito RM. Cyclooxygenases: structural,
cellular, and molecular biology. Annu Rev Biochem 2000;69:145–82.
O’Banion MK, Winn VD, Young DA. cDNA cloning and functional
activity of a glucocorticoid-regulated inﬂammatory cyclooxygenase.
Proc Natl Acad Sci USA 1992;89:4888–92.
Perkins DJ, Kniss DA. Rapid and transient induction of cyclooxygenase 2 by epidermal growth factor in human amnion-derived WISH
cells. Biochem J 1997;321:677–81.
Shen H, Shao J, Dixon DA, Williams CS, Prescott SM, DuBois RN,
Beauchamp RD. Transforming growth factor-beta1 enhances Ha-rasinduced expression of cyclooxygenase-2 in intestinal epithelial cells
via stabilization of mRNA. J Biol Chem 2000;275:6628–35.
Diaz A, Chepenik KP, Korn JH, Reginato AM, Jimenez SA. Differential regulation of cyclooxygenases 1 and 2 by interleukin-1beta,
tumor necrosis factor-alpha, and transforming growth factor-beta1 in
human lung ﬁbroblasts. Exp Cell Res 1998;241:222–9.
Perkins DJ, Kniss DA. Tumor necrosis factor-alpha promotes sustained cyclooxygenase-2 expression: attenuation by dexamethasone
and NSAIDs. Prostaglandins 1997;54:727–43.
Gupta RA, Dubois RN. Colorectal cancer prevention and treatment by
inhibition of cyclooxygenase-2. Nature Rev Cancer 2001;1:11–21.
Sano H, Kuwahito Y, Wilder RL. Expression of cyclooxygenase-1
and -2 in human colorectal cancer. Cancer Res 1997;55:3785–9.
Ristimaki A, Honkanen N, Jankala H. Expression of cyclooxygenase2 in human gastric carcinoma. Cancer Res 1997;57:1276–80.
Tucker ON, Dannenberg AJ, Yang EK, Zhang F, Teng L, Daly JM,
Soslow RA, Masferrer JL, Woerner BM, Koki AT, Fahey TJ 3rd.
Cyclooxygenase-2 expression is up-regulated in human pancreatic
cancer. Cancer Res 1999;59:987–90.
Wolff H, Saukkonen K, Anttila S, Karjalainen A, Vainio H, Ristimaki
A. Expression of cyclooxygenase-2 in human lung carcinoma. Cancer
Res 1998;58:4997–5001.
Chan G, Boyle JO, Yang EK, Zhang F, Sacks PG, Shah JP, Edelstein
D, Soslow RA, Koki AT, Woerner BM, Masferrer JL, Dannenberg
AJ. Cyclooxygenase-2 expression is up-regulated in squamous cell
carcinoma of the head and neck. Cancer Res 1999;59:5599–602.
Denkert C, Kobel M, Berger S, Sieger A, Leclere A, Trefzer U,
Hauptmann S. Expression of cyclooxygenase 2 in human malignant
melanoma. Cancer Res 2001;61:303–8.
Hwang D, Scollard D, Byrne J. Expression of cyclooxygenase-1 and
cyclooxygenase-2 in human breast cancer. J Natl Cancer Inst
1998;90:455–560.

Dr

1.

555

COX-2 MRNA CORRELATIONS IN NSCLC

54.
55.

om

nte
r.c

53.

Ce

52.

er

51.

56. Bieche I, Onody P, Laurendeau I, Olivi M, Vidaud D, Lidereau R,
Vidaud M. Real-time reverse transcription-PCR assay for future management of ERBB2-based clinical applications. Clin Chem 1999;
45:1148–56.
57. Macchiarini P, Fontanini G, Hardin MJ, Squartinin F, Angelerti CA.
Relation of neovascularization to metastasis of non-small-cell lung
cancer. Lancet 1992;340:1120–4.
58. Glantz SA. Alternatives to analysis of variance and the t test based on
ranks.In: Glantz SA, ed. Primer of biostatistics,3rd ed. New York:
McGraw-Hill, 1992.320–71.
59. Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Statist Assoc 1956;53:457–81.
60. Gullino PM. Prostaglandins and gangliosides of tumor microenvironment: their role in angiogenesis. Acta Oncol 1995;34:439–41.
61. Nie D, Lamberti M, Zacharek A, Li L, Szekeres K, Tang K, Chen Y,
Honn KV. Thromboxane A2 regulation of endothelial cell migration,
angiogenesis and tumor metastasis. Biochem Biophys Res Commun
2000;267:245–51.
62. Dimmeler S, Zeiher AM. Akt takes center stage in angiogenesis signaling. Circ Res 2000;275:9102–5.
63. Gallo O, Franchi A, Magnelli L, Sardi I, Vannacci A, Boddi V, Chiarugi V, Masini E. Cyclooxygenase-2 pathway correlates with VEGF
expression in head and neck cancer. Implications for tumor angiogenesis and metastasis. Neoplasia 2001;3:1–9.
64. Chen JW, Yao PL, Yuan A, Hong TM, Shun CT, Kuo ML, Lee YC,
Yang PC. Up-regulation of tumor interleukin-8 expression by inﬁltrating macrophages: its correlation with tumor angiogenesis and patient
survival in non-small cell lung cancer. Clin Cancer Res 2003;9:
729–37.
65. Edwards JG, Faux SP, Plummer SM, Abrams KR, Walker RA, Waller
DA, O’Byrne KJ. Cycloxygenase-2 expression is a novel prognostic
factor in malignant mesothelioma. Clin Cancer Res 2002;8:1857–62.

nc

50.

hC
a

49.

ra

48.

Fa
r

47.

Dr

46.

sion of cyclooxygenase 2 occurs frequently in human lung cancers,
speciﬁcally in adenocarcinomas. Cancer Res 1998;58:3761–4.
Plate KH, Breier G, Weich HA, Risau W. Vascular endothelial growth
factor in a potential tumor angiogenesis factor in human gliomas in
vivo. Nature 1992;359:845–8.
Maeda K, Chung YS, Ogawa Y, Takatsuka S, Kang SM, Ogawa M,
Sawada T, Sowa M. Prognostic value of vascular endothelial growth
factor expression in gastric carcinoma. Cancer 1996;77:858–63.
Brown LF, Berse B, Jackman RW, Tognazzi K, Manseau EJ, Dvorak
HF, Senger DR. Increased expression of vascular permeability factor
(vascular endothelial growth factor) and its receptors in kidney and
bladder carcinomas. Am J Pathol 1993;143:1255–62.
Fontanini G, Vignati S, Boldrini L, Chine S, Silvestri V, Lucchi M,
Mussi A, Angeletti CA, Bevilacqua G. Vascular endothelial growth
factor is associated with neovascularization and inﬂuences progression of non-small cell lung carcinoma. Clin Cancer Res 1997;3:
861–5.
Volm M, Koomagi R, Mattern J. Prognostic value of vascular
endothelial growth factor and its receptor Flt-1 in squamous cell lung
cancer. Int J Cancer 1997;74:64–8.
Masferrer JL, Leahy KM, Koki AT, Zweifel BS, Settle SL, Woerner
BM, Edwards DA, Flickinger AG, Moore RJ, Seibert K. Antiangiogenic and antitumor activities of cyclooxygenase-2 inhibitors. Cancer
Res 2000;60:1306–10.
Williams CS, Tsujii M, Reese J, Dey SK, DuBois RN. Host cyclooxygenase-2 modulates carcinoma growth. J Clin Invest 2000;105:
1589–94.
Gibson UE, Heid CA, Williams PM. A novel method for real-time
quantitative RT-PCR. Genome Res 1996;6:995–1001.
WHO. Histological typing of lung tumors. Am J Clin Pathol 1982;
77:123–36.
Moutain CF. A new international staging system for lung cancer.
Chest 1986;89:225s–33s.

