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ABSTRACT in response to various stimuli, including inflammatory signals, mito-
gens, cytokines, and growth factors (4—6).

Cyclooxygenase (COX)-2, the inducible isoform of prostaglandin H = .o\, mylating evidence suggests that increased PG levels via over-

synthase, has been implicated in the growth and progression of a variety . . . P . .
of human cancers. Although COX-2 overexpression has been observed in expression of the inducible COX-2 isoform are important in the

human gliomas, the prognostic or clinical relevance of this overexpression development Of. human cancer (7). Increased PG syntheSIS. has been
has not been investigated to date. In addition, no study has analyzed the Shown in a variety of tumor types (8—11), and recent studies have
relationship between COX-2 expression and other molecular alterations in demonstrated increased COX-2 expression in pancreatic, gastric,
gliomas. Consequently, we examined COX-2 expression by immunohisto- esophageal, prostate, lung, and head and neck cancers (10, 12-29).
chemistry in tumor specimens from 66 patients with low- and high-grade The role of COX-2 has been best worked out in colorectal cancer,
astrocytomas and correlated the percentage of COX-2 expression with \where adenomatous polyps and malignant colonic tumors have been

patient survival. We also analyzed the relative importance of COX-2
expression in comparison with other clinicopathological features (age and
tumor grade) and other molecular alterations commonly found in gliomas
(high MIB-1 level, p53 alteration, loss of retinoblastoma (Rb) protein or
p16, and high bcl-2 level). Kaplan-Meier analyses demonstrated that high
COX-2 expression &50% of cells stained positive) correlated with poor
survival for the study group as a whole P < 0.0001) and for those with
glioblastoma multiforme in particular ( P < 0.03). Cox regression analyses
demonstrated that COX-2 expression was the strongest predictor of out-
come, independent of all other variables. In addition, high COX-2 expres-
sion correlated with increasing histological grade but did not correlate
with positive p53 immunostaining, bcl-2 expression, loss of p16 or retino-
blastoma protein expression, or high MIB-1 expression. These findings
indicate that high COX-2 expression in tumor cells is associated with
clinically more aggressive gliomas and is a strong predictor of poor
survival.

INTRODUCTION

shown to express higher levels of COX-2 than does normal intestinal
mucosa, which has low to undetectable COX-2 expression (17, 18, 24,
25). Clinical trials have demonstrated that nonsteroidal anti-inflam-
matory drugs, which can inhibit both COX-1 and COX-2, signifi-
cantly reduce the number of preexisting adenomas in patients with
familial adenomatous polyposis (30) and can reduce the risk of
sporadic colorectal cancer (31, 32). Furthermore, in several transgenic
and carcinogen-induced colon tumor animal models, COX-2 levels
have been shown to be high in intestinal polyps, and inactivation of
COX-2 by specific inhibitory drugs or by genetic crosses with COX-2
null mice reduces or prevents tumor formation (22, 33-37). Thus,
significant evidence supports the role of COX-2 in several cancers and
the use of COX-2 inhibitors in the prevention and treatment of these
cancers.

In addition to biological and clinical evidence, COX-2 has been
implicated at the molecular level in several tumor-related processes.
Importantly, the tumor suppressor p53, which is mutated or inacti-

PGHS or COX is the rate-limiting enzyme in the synthesis of pG¥ated in most human cancers and plays a role in the radio- and
from arachidonic acid (1, 2). PGHS is a bifunctional enzyme contaifb€mosensitivity of tumors, may inhibit COX-2 expression (38).
ing a COX site that converts arachidonic acid to PGG2 and a pel,d:)yrthermore, increased COX-2 expression has been associated with
idase site that reduces PGG2 to PGH2. PGHS is the primary targetgreased amounts of the antiapoptotic protein bcl-2 (89)vitro
aspirin and nonsteroidal anti-inflammatory drugs (3). Two isoforms §fudies have demonstrated that COX-2 may stimulate angiogenesis
PGHS, referred to as COX-1 and COX-2, have been describdf0—42), a critical step in the progression of neoplasms to more
Although both isoforms catalyze the same enzymatic reactions a¥@gressive grades and in the development of metastases. Lastly,
have similarK,, and V.., values for arachidonic acid, significantCOX-2 may regulate the invasive potential of tumor cells (43). Thus,

differences exist between them (4). The genes for each isoform

located on separate chromosomes (9q for COX-1 and 1p for COX-

&/eX-2-mediated pathways may underlie several phenotypic features
of.gliomas by interacting with other tumor-related oncoproteins (39,

Moreover, the active site of COX-2 is larger than that for COX-144, 45).

COX-2 is concentrated in the nuclear envelope, whereas COX-1Malignant gliomas are the most common tumors of the central
localizes primarily to the endoplasmic reticulum. Glucocorticoidgervous system. Despite the use of surgery, radiation, and conven-
inhibit COX-2 expression but not COX-1 expression. Most impottional chemotherapy, the median survival time for patients with GBM,
tantly, COX-1 is constitutively expressed in nearly all normal tissugbe most malignant type of glioma, is only 1 year (46). Many GBMs
and mediates the synthesis of PGs required for physiological tissre believed to arise by progression from low-grade astrocytomas
homeostasis. In contrast, COX-2 expression is inducible and increa@8410 grade 2) and anaplastic astrocytomas (WHO grade 3). The
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molecular mechanisms underlying the malignant phenotype and pro-
gression are beginning to be understood and appear at least in part to
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p53 Rb, p16/INK4A andMMAC) and overexpression of oncogenes
¢ras, epidermal growth factor receptor, aAdf] (47, 48).
The importance of PGs and COX-2 in the formation and progres-
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[eased PG synthesis and tumor grade (11, 23). Based on these
findings, a small number of reports (49, 50) have described the role of
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COX-2 EXPRESSION AND PROGNOSIS IN GLIOMAS

COX-2 expression in human gliomas. Deininggral. (49) initially  staining with minimum background staining. The COX-2 antibody was also
reported that COX-2 expression (measured by immunohistochenpigswashed with COX-2 protein, which was found to eliminate staining.

try) typically occurred in less than 20% of glioma cells within a given Four-um-thick sections were cut from each specimen for COX-2 staining.
specimen. In contrast, Jokit al. (50) recently demonstrated with Paraffin §ection_s were preyvarmed to 60°C, depargffinized in two changes of
Western blotting that COX-2 was expressed in all glioma specimeﬁ%e”e’ rinsed in decreasing ethanol concentrations (100% to 70%), and
tested; moreover, the percentage of positively stained cells by imnjgrydrated in PBS. Endogenous peroxidase was inactivated with 0,8ii

histochemist ianifi tiv hiaher in hiah de i th methanol, and the slides were incubated overnight with the COX-2 antibody at
nonhistochemistry was signiicantly higher in high-grade gliomas than, .4 59 gjjytion. The slides were then rinsed with PBS and incubated with an

in low-grade gllomgs or normal brain. In that study, 96% (24 of 29),gin-conjugated horse antirabbit antibody for 30 min. After further rinsing
of the GBM specimens stained had more than 50% of the cellfnh PBS, the slides were treated with a solution of biotinylated peroxidase and
staining positively. These authors also demonstrated that the prolisualized by using the AEC Substrate Kit (Vector Laboratories, Burlingame,
eration and invasion of cultured glioma cell lines could be inhibited CA). Nonimmunized rabbit IgG (Vector Laboratories) was used as a negative
vitro by the specific COX-2 inhibitor NS-398, an observation supsontrol, and sections of colon cancer known to express COX-2 protein were
porting a functional role for COX-2 in glioma. used as a positive control.

To further evaluate the role of COX-2 in human gliomas, we Immunohistochemically stained slides were reviewed by all of the authors.
hypothesized that if COX-2 was contributing to the malignant phé'_he ir_]tensity of staining was _determined_ and recorded as strong, weak, or
notype of gliomas, then elevated COX-2 expression should Correlé]ﬁ?atlve' The type of cells staineel.q.,malignant astrocytes, reactive astro-

ith t d d should b dicti f short d ~cytes, neurons, and endothelial cells) was determined. The distribution of cell
wi umor gradé and shou € predicive or shortened surviv ining (near or far from necrotic areas) was also assessed. Most importantly,

lndependent of other Cllr.llcgl.and mole(?ular yarlables.AIthough recept percentage of cells expressing COX-2 was estimated by dividing the
studies have reported significant relationships between shortened Ranber of positively stained astrocytic tumor cells by the total number of

tient survival and elevated COX-2 expression in colorectal, liver, amgmor cells per high-power field. Tumor sections were grouped according
lung cancers (27-29), to our knowledge, such a relationship betweerextent of COX-2 positivity as 0-25%, 26-50%, 51-75%, or 76—100%

COX-2 expression and patient survival in gliomas has not beessitive.

determined. Therefore, in an effort to determine its prognostic signif- Other Molecular Markers. The same tumor specimens were analyzed by

icance, we examined COX-2 expression by immunohistochemistrin“nOhiStOChemiStry with antibodies to p53 (PAb 1801; Oncogene Science),

tumor specimens from 66 patients with low- and high-grade astro -264.(CD'2|S; siﬂtad(::ui Bi?tecz:lotljo%y), Rb5(363'12;5; Zhnginglen_), a”d b;"z
tomas and correlated the extent of COX-2 staining with patie ; Dako). The details of methods from pS3, p16, an analysis have been

ival. M ith h studies h ted int i begorted previously (51-61). The method of bcl-2 staining was the same as that
survival. Moreover, although studies have suggested INteraclions D&z for the other antibodies (dilution, 1:100). Tumor specimens were ana-

tween COX-2 and p53 or bcl-2 in nonglial tumors, the I'el""tic’nShiI?zed, and grades for each marker were given as defined in the footnotes of

between COX-2 expression and a variety of other molecular markeigpie 1. Proliferation rates were determined by staining with a MIB-1 antibody

of tumor progression has not been reported for gliomas. Thus, in @imunotech) that recognized the Ki-67 antigen according to the method of

effort to examine the relationship between COX-2 expression aRdshnaet al. (59).

other tumor-related proteins, we also analyzed the relative importancétatistical Analysis. Statistical analyses were performed by using the

of COX-2 expression compared with that of other molecular alteBPSS for Windows Version 10.0.7 software package (SPSS Inc., Chicago, IL).

ations found in gliomas, including MIB-1 staining (as an indicator opurvival time was estimated in months from the date of histological diagnosis

mitotic rate), p53 alteration, loss of Rb or p16, and high bcl-2 level&/hen the specimen was obtained) to the date of death or the date of last
We found that the extent of COX-2 staining (measured as a pe‘?l_low-up (for the patients who were still alive at the time of the study).

centage of positively stained tumor cells) was an independent predic-

tor of patient survival for both the overall sample group and patients

with GBM. Moreover, high COX-2 expression correlated with high Table 1 Correlation of COX-2 e;(prtession ;N(iéfé:/llinical, pathological, and molecular

histological grade but not with other molecular markers of tumor catres 0

aggressiveness, including expression of p53 or overexpression of

Percentage of tumor cells staining for COX-2

bcl-2. <50% >50% P
Patient age, mean 44 years 41 years 0.556
Tumor histology

Low-grade astrocytoma 70% 30% 0.031
MATERIALS AND METHODS Anaplastic astrocytoma 56% 44%
o ] o ) GBM 29% 71%
Clinical Data and Tumor Specimen Acquisition. All patients were  MIB-1 immunostaining
treated at The University of Texas M. D. Anderson Cancer Center between0-15% 54% 46% 0.188

1980 and 1996. Clinical data were obtained by retrospective chart review, 15-30% 44% 56%

. . Lo >30% 20% 80%
Survival was determined from the date of initial surgery. Follow-up wass3 imn:unostainin"g ° °
available for all patients. Grade 0, 1, or 2<€30%) 50% 50% 0.196
Tumor specimens were obtained by surgical resection in all cases and fixedsrade 3 &30%) 25% 75%
in 10% formalin before being processed in paraffin. Histological diagnosis anﬁbcs'gg‘e“goslta'”'n@ 3506 6506 0.482
. e . . —. 0 0 .
tumor grading were verified by rereview in all cases. Most of the tumor grage 25 47% 53%
specimens had been analyzed previously for the degree of proliferation withp@6 immunostaining
MIB-1 antibody. Most cases had also been assessed by immunohistochemistrg 55% 45% 0.052%
. . . 0, 0,
for the presence of p53, p16, bcl-2, and Rb proteins. With the exception of thBe1 ) . 20% 74%
. 1-2 immunostaining
results for bel-2 and MIB-1, the results of these studies have been reported; o 1 3006 43% 57% 0.688
elsewhere (51-61). 2 (>30%) 29% 71%

Evaluation of COX-2 Expression. COX-2 expression was determined by  a pearsony? test (asymptotic significance, two-sided).
immunohistochemical staining with a polyclonal rabbit antihuman COX-2 °Fisher’s exact test (two-sided).
antibody (Oxford Biomedical Research, Oxford, MI). Before brain tumor ;g&adizn%sésot;m foapgs(&;deaf) and bcl-2 (cytoplasmic) immunostaining: 0, none;
. . . . - - o; 2, 6—30%; an b.
specimens were analyzed, this antibody was t_ested at various dllgtlon§ with @ Grading system for Rb immunostaining: 0, none: 1, 1-5%; 2, 6—40%: 3, 41—60%;
colon carcinoma specimen known to contain high COX-2 levels to identify the 1_90%: and 5>90%.
optimal antibody concentration required for reproducible immunohistological © Grading system for p16 immunostaining: 0, none; and-{any).
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Survival was plotted, and median survival time was estimated by the Kaplé;:'
Meier method. The survival times and the strength of associations betwe
categories within a variable or between variables were compared with 1 = .
log-rank test. Variable effects on the time of survival were investigated with =~ “»
stepwise Cox regression analysis. Ten variables were analyaedg¢; b)

histological grade;d) extent of COX-2 staining;d) COX-2 nuclear staining;
(e) COX-2 endothelial cell staining; and) (MIB-1, p53, Rb, p16, and bcl-2
staining levels. Statistical significance was defined as a probability value le ¥
than 0.05. Associations between COX-2 and histological grade and the r =~ -
lecular markers were determined by using gfetest.

oF a8

(3
Ry
2

RESULTS

Tumor specimens from 66 patients with astrocytic gliomas we'
analyzed. The mean age at diagnosis was 42 years (age range, - .
years). All patients had Karnofsky performance scores of at Ieastr.
at diagnosis. Patients were treated with surgery and adjuvant radia -
therapy for all patients with GBM or anaplastic astrocytoma and fe
most patients with low-grade astrocytoma. Most patients also we
given a variety of chemotherapeutic agents. No attempt was madée
standardize therapy. There were 31 GBMs (47%), 25 anaplag
astrocytomas (38%), and 10 low-grade fibrillary astrocytomas (159

Qualitative Immunohistochemical Analysis for COX-2. COX-2
immunoreactivity was observed in all of the brain tumor specime
examined. In sections containing areas of normal cortex adjacent tc
infiltrated by neoplastic astrocytes, COX-2 staining was observed = *
the cytoplasm of normal neurons and rarely observed in norrﬂ'.
endothelial cells. In cases in which reactive astrocytes (defined
cells with regular nuclei and symmetric processes) were prese .
intense COX-2 cytoplasmic staining was evident (Fig).1Within "
tumor cells, most of the COX-2 immunoreactivity was observed in tt
cytoplasm, as reported previously (49, 50). However, nuclear stainizs
was seen in 10 cases of GBM and 6 cases of anaplastic astrocyic
(Fig. 1B). Although COX-2 staining was evident in cells located awar © "
from necrotic areas, accumulation of COX-2-positive tumor cells wags . & « -
particularly conspicuous around areas of necrosis within pseuc- e
palisade cells (Fig. @). A

Correlation of COX-2 Expression with Clinical, Pathological, .'_'\‘»,: 4
and Molecular Markers. COX-2 expression did not correlate with” “w® = ® .
patient age (Table 1). However, the extent of COX-2 staining wi+ ¢ %, %%, . %
greater in GBMs than in low-grade astrocytomas (Table 1). Amor . % 2&. « ':\?'-;
GBM specimens, 71% had more than 50% COX-2-immunopositi\ s & Sy
tumor cells, compared with 44% of anaplastic astrocytomas and 36 - ',\_ «'?’.-"?'j‘.‘
of low-grade astrocytomas. Similarly, only 3% of GBMs had fewe. x K3 o
than 25% COX-2-positive cells, as compared with 12% of anaplas; #
astrocytomas and 40% of low-grade astrocytomas. Thus, the exten ! %
COX-2 staining increased with glioma grade, and this finding we: g & '1' ‘
statistically significant. Ca‘\»’“ﬁp. p

The extent of COX-2 staining did not correlate statistically with an: Ve R
of the molecular markers tested (Table 1), although COX-2 expressiorfig. 1. A, reactive astrocytes in brain tissue adjacent to tumor show numerous
tended to correlate with pl6 immunosiaining ( 0.054), with EChng SioRlssmic pocesses wil suong mmunoreactly o COXZ Imunoti:
tumors showing high COX-2 expression being more likely to demMematoxylin counterstainx400). B, anaplastic astrocytoma with immunoreactivity in
onstrate p16 staining than tumors with low COX-2 immunostainingoth nuclei and cytoplasm of neoplastic cells for COX-2. Immunohistochemistry for
However, high COX-2 expression did not correlate statistically wi&‘ﬂﬁé!ﬁﬁi2288?.%‘?1&‘3L‘?ué'lﬁ,fi?mi“uiséiifctﬁiiyf?ér Cox2nhe cytopasmol
alterations in p53 proteiri.¢., positive p53 immunostaining) or with neoplastic astrocytes at the interface between an area of nedediar(d tumor fight).
high bcl-2 immunoreactivity, although there was a trend for tumorgis is a zone of pseudo-palisading around an area of tumor necrosis. Immunohistochem-

; . . . Istry for COX-2 was assessed using the AEC Substrate Kit for detection and a hematox-
with a high percentage of COX-2 staining to demonstrate high@iy counterstain k200).
frequency of p53 immunoreactivity and bcl-2 (Table 1). Tumors with
high mitotic rates tended to have high COX-2 staining.

COX-2 Expression Level and Patient Survival.Kaplan-Meier attempted to define the relative contribution of COX-2 expression to
survival plots for all patients showed a statistically significant asssurvival by using multivariate (Cox regression) analyses with 10
ciation between high levels of COX-2 expression and poor outcomariables (age, histology, extent of COX-2 staining, COX-2 nuclear
(P < 0.0001; Fig. 2). Because survival of patients with brain tumorstaining, COX-2 endothelial staining, and MIB-1, p53, Rb, p16, and
has been associated with several clinicopathological variables, -2 staining). In the initial univariate analysis, age= 0.01), tumor
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A. statistical sampling. Therefore, at least within GBM, COX-2 expres-
sion seems to be predictive of survival.
DISCUSSION
p-value < 0.0001 We have demonstrated that increasing tumor grade correlates with
a high percentage of tumor cells expressing COX-2 and that high
E COX-2 staining predicts a poor prognosis in patients with astrocytic
:E, brain tumors in general and in patients with GBM in particular.
» However, high COX-2 expression did not correlate with p53 or bcl-2
immunostaining, Rb or pl6 expression, or MIB-1 staining. Taken
together, these observations support the hypothesis that COX-2 ex-
pression is an important determinant of the malignant phenotype of
e \ gliomas, but the mechanism by which this occurs remains unclear.
5 Consistent with the findings of others (49, 50), we observed sig-
0 20 40 6|O 8|0 nificant COX-2 staining within astrocytic tumor cells located predom-
Follow-up time (months) inantly but not _exclus_ively around areas of n_ecrosis. This distrib_ution
may represent induction of COX-2 by hypoxia or hypoglucosemia, as
B. 1.0 has been observed for ischemia (62) and trauma (63), and is consistent
with the inducibility of COX-2. However, we also observed COX-2
staining at sites without necrosis, suggesting that COX-2 may be
0.8 constitutively expressed in tumor cells. The possibility of unregulated
p-value < 0.029 : ) . . . .
COX-2 expression is supported by vitro studies demonstrating
0.6- constitutive COX-2 expression in cells cultured in supplemented
) 0—50% media and normoxia (50, 64, 65). We also observed COX-2 staining
s -50% . .
@ 0.4- H o . . . - 4
' ] Table 2 Univariate COX regression analysis of possible contributions to survival
E Variable Relative risk (95% Ct) P (log-rank)
0.2- i Age (yrs) 0.018
' 0-29 0.367 (0.164-0.821) 0.015
50-100%  Reeeeeeeeee 3 30-39 0.326 (0.156-0.680) 0.003
; 40-59 0.783 (0.355-1.726) 0.544
0.0 , . l — o0 ol o1
Tumor histology 0.0
0 10 20 . 30 40 50 Low-grade astrocytoma 0.157 (0.057-0.433) <0.001
Follow-up time (months) Anaplastic astrocytoma 0.459 (0.247-0.851) 0.013
) ) . ) ) ) . ’ Glioblastomé&
Fig. 2.A, actuarial survival (Kaplan-Meier method) of patients with malignant glioma )
whose tumors had greater than or less than 50% COX-2 immunostaBirag:tuarial Level Og COX-2 expression <0.00
survival of patients with GBM based on the percentage of COX-2 staining. gig(ﬁ’)% 0.279 (0.145-0.535) <0.001
COX-2 nuclear staining 0.283
. Negati 1.498 (0.749-2.995 0.253
grade P = 0.001), and extent of COX-2 staining & 0.001) were all pES;';‘iV'Zf ¢ )
significant (Table 2). For the multivariate analysis, we used the COX-2 vessel staining
backward stepwise (Wald) method, in which variables were removed Egg‘g;{\z
at each step, based on a 0.05 level of significance. The last threevis-1 staining 0.074
variables to be removed were age, histological grade, and COX-2 0-5 0.470 (0.201-1.095) 0.080
ion (Table 3). Only COX-2 expression was present at the final > 0.461 (0.170-1.249) 0.128
expression (Table 3). Only p p ! 15-25 1.405 (0.592-3.335) 0.441
step P < 0.001), indicating that COX-2 expression has a major  25+¢
; ; ; _ ; ; 1 p53 staining 0.764
impact on survival rate. ngh CQX 2 expression has a relative risk of 0.836 (0.403-1.735) 0.630
0.185, with a 95% confidence interval of 0.076—0.447. Therefore, 1 0.650 (0.280-1.510) 0.316
patients with tumors in which more than 50% of cells stain for COX-2 2 0.683 (0.253-1.841) 0.451
. . . . . 3¢
have a worse survival rate than patients with tumors in which fewer staining 0.695
cells express COX-2. 0 0.326 (0.79-1.347) 0.122
Although the above-mentioned analysis suggests otherwise, the 1 0.769 (0.253-2.341) 0.644
data demonstrating an association between COX-2 expression and - 0-687 (0.222-2.131) 9510
ata gan - p : 3 0.578 (0.103-3.228) 0.532
survival could reflect differences between survival rates for patients 4 0.577 (0.164-2.033) 0.392
with different tumor grades. To evaluate the effect of high COX-2 %
. - p16 staining 0.18%
expression within tumor grades, we analyzed the GBM subgroup for " g 0.667 (0.367-1.212) 0.184
an association between COX-2 expression and survival. We foundb I12 N 0275
: ; ; B cl-2 staining .
that GBM patients wnh tl_Jmors hav_lr_lg a high percentage_of COX-_2 0.483 (0.190-1.228) 0.126
expression had a statistically significant poorer prognosis than did 1 0.646 (0.225-1.852) 0.416

those with tumors having a low percentage of COX-2 (FB). 2n the 2

anaplastic astrocytoma and low-grade astrocytoma groups, no differ? Cl, confidence interval.
. . . . b Reference category.
ence in survival was found as a function of COX-2 expression, but the
numbers of patients in these groups were too small for accurates level).
4378
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Table 3 Multivariate Cox regression analysis of the factors associated with survivallyzed 63 patients with colorectal cancer and found that the disease-

Relative risk free survival time for patients with high COX-2 expression was
Step Variable (95% CIy' P (log-rank)  significantly shorter than that for patients with low COX-2 expression.
4 Age (yrs) 0.051 Moreover, among eight prognostic variables (including age, histolog-
0-29 0.233 (0.062-0.878) 0.031  ; ; . P
30-39 0273 (0.092_0.812) 0,020 ical type, ar_ld Dukes stage)_, th(_e only |ndep_endent significant factor
40-59 0.826 (0.223-3.306) 0.826 related to disease-free survival in these patients was COX-2 expres-

. 60+bh, ol 0347 sion. Similarly, Murateet al. (69) demonstrated that COX-2 expres-
umor nistolo . . . . . . . .
Low-grade gg’trocytoma 1.792 (0.144-22.254) 0.650 SIoN potentiated the lymphatic invasion and metastasis of.gastrlc
Anaplastic astrocytoma 0.502 (0.143-1.768) 0.284 carcinomas. For lung cancer, Achived al. (27) demonstrated in a
Glioblastoma A cohort of patients with resected stage | adenocarcinoma that the 5-year

Level of COX-2 expression 0.021 i . L .

0-50% 0.275 (0.092-0.821) 0.021  survival rate for patients with increased COX-2 expression (66%) was
50-10098 significantly shorter than that for patients with low COX-2 expression
5  Age (yrs) 0.072 0 : . )
5 50 0.227 (0.068-0.758) 0.016 (88 0%). Hidaet gl. (21) reported that the prpportlon Qf Il_Jr_1g adenocar
30-39 0.342 (0.130-0.903) 0.030 cinoma cells with marked COX-2 expression was significantly greater
gg—?ﬂ 0.533(0.191-1.491) 0231 in lymph node metastases than in the primary tumor.
+ . .. .

Level of COX-2 expression 0.001 V_Vt_e and others ha_ve. previously _demonstrated posn_l\_/e immuno-
0-50% 0.208 (0.084-0.516) 0.001  staining for p53 protein in human gliomas (70, 71). Positive staining
50-100% , represents altered p53 protein, which has a longer half-life than

6 Level of COX-2 expression <0.001 . . s
0-50% 0.185 (0.076-0.447)  <0.001 wild-type p53. In many but not all tumor specimens with increased
50-100%8 p53 immunostaining, a mutation in thEb3 gene is identified (70).

:(R:gfg(r):r:igeerggfeinct’?rval. Increased p53 immunostaining has_ been shown to occur with_ almost
¢ P of variable rergm\yéd from the stepwise multivariate Cox regression (significant etqual fl.’equenCy in all grades_of gliomas, altho.UQh P53 mu.tathns as
the 0.05 level). etermined by gene sequencing are more typically found in higher-
grade tumors (70, 72). A recent study has suggested that wild-type
p53, but not mutant p53, is capable of inhibiting COX-2 expression
in the nuclei of tumor cells in a subset of specimens, an observati(®8). Wild-type p53 was shown to suppress COX-2 promoter activity
that to our knowledge has not been reported previously. Its signiiy competing with TATA-binding proteins (38). On the basis of this
cance is unclear, but this observation may represent the known dibservation, tumor specimens with high p53 immunostaining (indic-
tribution of COX-2 within the nuclear membrane (66). As has beeative of mutant p53 status) should also express high COX-2 levels.
reported by others, we observed COX-2 staining within neuroridpwever, in our analysis, no statistically significant correlation was
endothelial cells, and reactive astrocytes. The location within reactigetected between high COX-2 expression and p53 immunostaining.
astrocytes is consistent with the inducibility of COX-2, and its locaAlthough a trend was observed toward high p53 immunostaining
tion within endothelial cells, particularly hyperplastic endotheliabeing associated with high COX-2 staining, our data suggest that these
cells, supports the concept of PGs having a role in angiogenesis.two molecular markers are statistically independent of each other.
We found that the proportion of tumors with high COX-2 expresFtherefore, although regulation of COX-2 by p53 may be evident
sion was greatest in glioblastomas (71%) and lowest in low-gradigro, where levels of p53 may be artificially elevated, regulation of
astrocytomas (30%). The positive association between extent @DX-2 in situ probably depends on multiple variables (14) and thus
COX-2 staining and histological grade of gliomas is consistent widiccounts for the lack of a correlation seen between p53 and COX-2 in
the observations of Jolat al. (50), who analyzed 50 glioma speci-our specimens. Similarly, whereas others have demonstrated interac-
mens (25 GBMs, 10 anaplastic astrocytomas, and 15 low-grade tsns between COX-2 and bcl-2, a critical antiapoptotic protein that is
trocytomas) by immunohistochemistry. They reported that 24 of 2Bten overexpressed in gliomas (59-61), we did not find any statis-
GBMs (96%) had more than 50% COX-2-positive cells, whereas 6 tifal correlation between bcl-2 and COX-2 expression in our cohort of
10 anaplastic astrocytomas (60%) and only 1 of 15 low-grade astpatients, although tumors with50% COX-2 staining tended to stain
cytomas (7%) expressed this level of staining. Although some invgmsitively for bcl-2. Again, these statistical findings do not nullify the
tigators have not found a correlation between COX-2 staining abiblogical possibility that bcl-2 could be one of several factors that
tumor grade in other tumor types (67), a positive correlation betweean interact with COX-2 expression. For example, epidermal growth
COX-2 staining and tumor stage has been reported in several hunfegtor is also known to up-regulate COX-2 (73, 74), and increased
cancers (15, 16, 21). Okaret al. (15) demonstrated high COX-2 numbers of epidermal growth factor receptors are common in GBMs
expression in pancreatic carcinomas but weak staining for COX-2 (#8). We also found that the presence of immunostaining for p16 may
benign cystadenomas. Yoshimwtaal. (16) found marked expression have been associated with increased COX-2 expresBicn (.054).
of COX-2 in prostate carcinomas but weak expression of COX-2 ifo date, no interaction between p16 and COX-2 has been described,
benign prostatic hypertrophy. and the significance of this preliminary finding remains uncertain. In
In this study, we found that high COX-2 expression was associatell, it is probable that multiple factors could drive COX-2 expression
with a statistically significant decrease in survival. In multivariatén gliomas. Additional studies are needed to decipher the interactions
analysis, COX-2 expression predicted outcome independent of laditween oncogenes, tumor suppressor genes, and COX-2 expression
other variables. In fact, COX-2 expression was the strongest predidtoigliomas.
of a poor outcome based on Cox regression analyses. In additionAlthough the role of COX-2 in human glioma formation and
when GBMs were analyzed separately from other tumor gradgspgression has not been elucidated, it may represent an important
increased COX-2 expression remained an important prognostic vahierapeutic target. Increased COX-2 expression in rat intestinal epi-
able. To our knowledge, a correlation between COX-2 expression ahelial cells has been shown to reduce the apoptotic tendency of these
survival of patients with gliomas has not been reported previousiells (39). Moreover, forced expression of exogenous COX-2 in colon
However, increased COX-2 expression has been shown to be a reagicer cells increased their metastatic potential and invasiveness (75).
ative prognostic factor in other cancers. Tomozatal. (68) ana- Tsuijii et al. (40) recently demonstrated that COX-2 stimulates colon
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