
About cyclooxygenase

Cyclooxygenase (COX) enzyme is a prostag-
landin (PG) H synthase that catalyzes the rate
limiting step in the production of PG and
tromboxanes. It mediates the insertion of mo-
lecular oxygen into arachidonic acid that is
liberated from membrane glycerophospho-

lipids and forms unstable intermediate PGG2
that is rapidly converted to PGH2 by the per-
oxidase activity of COX. Specific isomerases
then convert PGH2 into biologically active
PGs, such as PGF2 alpha, PGE2, PGD2,
PGI2, and thromboxane (TX) A2. PGs have
important function in almost every organ sys-
tem; they regulate diverse physiological
processes, such as immunity, reproduction,
maintenance of vascular integrity and tone,
nerve growth and development and bone me-
tabolism. PGs act as autocrine and paracrine
mediators to signal changes within the imme-
diate environment.1,2

There are two isoforms of COX: COX-1
and COX-2. They are encoded by different
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Cyclooxygenase-2 (COX-2), an inducible prostaglandin (PG) synthase, is elevated in many types of malig-
nant and pre-malignant tissues. This enzyme is localized in neoplastic (epithelial) cells, microvascular en-
dothelial cells, and stromal fibroblasts. Through the released PG it enhances carcinogenesis with increasing
angiogenesis, inhibiting apoptosis, activating matrix metalloproteinases, suppressing of cell mediated anti-
tumor immune response and protection against damage by cytotoxic agents. Evidences from in vitro stud-
ies, studies on animal models as well as first clinical outcomes suggest that the inhibition of COX-2 may
suppress carcinogenesis by affecting a number of pathways: inhibiting angiogenesis, invasiveness of tumors
and promoting apoptosis. References forecast that COX-2 inhibitors, mostly COX-2 selective inhibitors, may
get a role in the therapy of cancer as an adjuvant therapy or as an co-chemotherapeutic agent. The purpose
of the present article is to summarize the most important facts about the role of COX-2 in the malignant tis-
sue and discuss possible ways for potential therapeutic place of COX-2 inhibitors in clinical practice.
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genes and express cell-specific regulation.
COX-1 is constitutively expressed in most
mammalian tissues and is responsible for
normal kidney and platelet function and for
the maintenance of gastrointestinal mucosa.3

On the other hand, COX-2 is not detected in
most of normal tissues. It is induced by mito-
genic and inflammatory stimuli, which re-
sults in an enhanced synthesis of PGs in neo-
plastic and inflamed tissues.4

COX-2 is overexpressed in several
premalignant and malignant conditions

There are growing evidences that COX-2 is
commonly overexpressed in malignant tis-
sue. Eberhart et al.5 first noted that COX-2 is
upgraded in colorectal cancer. Till today,
COX-2 overexpression was found in the colon
adenoma and adenocarcinoma, stomac meta-
plasia and adenocarcinoma, in Barrett’s
esophagus and carcinoma of the esophagus,
chronic hepatitis, hepatocellular carcinoma,
cholangiocarcinoma, bill duct hyperplasia,

adenocarcinoma and squamous cell carcino-
ma of the lung, actinic keratose and squa-
mous cell carcinoma of the skin, malignan-
cies and premalignancies of the breast, blad-
der, pancreas, head and neck.6-11

An enhanced expression of COX-2 is the
result of increased transcription and stability
of COX-2 mRNA12 due to oncogenes, growth
factors, cytokines, chemotherapy and tumor
promoters. COX-2 is expressed as an early re-
sponse13 due to these factors. One possible
mechanism of increased transcription of the
COX-2 mRNA is the loss of wild-type p53, an
inhibitor of transcription of COX-2 gene.14

In oral mucosal lesions, the expression of
COX-2 protein increases from hyperplasia to
dysplasia and is the highest in squamous-cell
carcinoma.15 Chan et al.11 quantified the lev-
els of COX-2 mRNA by RT-PCR and found
that, in comparison to normal controls, COX-
2 mRNA was increased 150-fold in the head
and neck squamous-cell carcinoma and 50-
fold in a normal appearing epithelium adja-
cent to cancer.

What are the precise COX-2 signaling
pathways that promote tumorigenesis

COX-2 in carcinogenesis may include multi-
ple mechanisms that may act at different
stages of malignant disease. PGs, especially
of the E series, induce cell proliferation, an-
giogenesis, invasion and metastases.
Probably the most important role of COX-2 in
tumorigenicity is enhancing angiogenesis of
the tumor cells.2 Angiogenesis is the prereq-
uisite for tumor development and metastasis.
Hypoxia, like in-growing tumor tissue, in-
duces in vitro COX-2 expression, thereby also
increasing the expression of the proangio-
genic growth factor VEGF - vascular endothe-
lial growth factor.16

Studies by Cianchi et al.17 on 31 surgical
specimens of colorectal carcinoma suggest
that VEGF should be considered as one of the
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Figure 1. Cyclooxygenase enzymes in prostaglandin
synthesis.



most important factors involved in the stimu-
lation of tumor angiogenesis promoted by
COX-2 activity in colorectal cancer. These in-
vestigators found a significant correlation be-
tween COX-2 and VEGF mRNA levels as well
as VEGF protein levels in the colorectal spec-
imens. Gallo18 showed that the COX-2 activa-
tion in epidermal tumor cell lines causes a
rapid induction of VEGF mRNA and VEGF
production in the neoplastic cells. COX-2 can
also directly stimulate endothelial cell migra-
tion and growth factor induced angiogenesis
with the production of eicosanoid products
like TXA2, PGE2 and PGI2. Each of them is
capable to stimulate the endothelial cell mi-
gration, tube formation, and induction of
growth factors.2

COX-2 also inhibits endothelial cell apop-
tosis.3 The pathogenetic pathway is the stim-
ulation of Bcl-2 transcription.3 Human mi-
crovascular endothelial cells that overexpress
Bcl-2 are refractory to the apoptotic and an-
giosuppressive properties, and participate in
more vigorous and sustained angiogenetic re-
sponse.19

There are several studies on animal models
that demonstrate these pathogenetic mecha-
nisms. However, the recent clinical studies,
where COX-2 expression was examined by
immunohistochemistry, and correlated to
clinicopathological features, are the most ex-
pressive. Tomozawa et al.20 showed that COX-
2 overexpression correlated with tumor re-
currence and haematogenous metastasizing
in colorectal cancer. In the study on
esophageal squamous cell carcinomas by
Kase et al.21 COX-2 expression was associated
with an increased intratumoral microvessel
density and suppressed tumor cell apoptosis.
In the study on renal cell carcinomas of 131
patients by Miyata et al.,22 COX-2 immuno-
histochemical expression was significantly
associated with various clinicopathological
features (like high T, N, M stage in high tu-
mor grade), with microvessel density and
metalloproteinase-2 expression, but not with

the apoptotic index (p= 0.054). In multivariate
analysis, COX-2 expression was not a signifi-
cant prognostic factor for survival; the dis-
ease stage stays the most significant determi-
nant of patient’s survival. The same signifi-
cant positive correlations between COX-2 ex-
pression and lymph node metastases as well
as histologic grade and tumor size were
proved in the patients with breast carcino-
ma.23

COX-2 is also involved in the suppression
of cell-mediated anti-tumor immune re-
sponse. PGE2, probably the most damaging
final products of COX-2 enzymatic action, in-
hibits, in vitro the production of tumor necro-
sis factor alpha and induces the production of
interleukin-10,24 a cytokine with immunosup-
pressive effects.

COX-2 also induces matrix metallopro-
teinase production via PGE2.13 Matrix metal-
loproteinase enzymes degrade the type IV
collagen of basement membrane and thus in-
crease the invasiveness of tumor cells.

COX-2 may enhance the activation of pro-
carcinogenesis - it can activate several classes
of chemical carcinogens (aromatic and hete-
rocyclic amines).25

Use of nonsteroidal anti-inflammatory
drugs (NSAIDs) and COX-2 selective

inhibitors in human cancers

In the early 1990s, Thun et al.26 showed in
their study that regular aspirin use at low dos-
es may reduce the risk of colon cancer. They
speculated that this could be mediated
through the inhibition of PG synthesis.
Several studies were then performed on the
use of other nonsteroidal anti-inflammatory
drugs (NSAIDs), which are among the oldest
and most widely used drugs. They reported
about a 50-percent lower risk of colorectal
cancer in people who are continuously taking
these drugs.27-29 Recent epidemiological stud-
ies found a significant inverse association be-
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tween the intake of NSAIDs and the risk of
breast cancer.30,31 Meta-analysis of 14 epi-
demiological studies, analyzing the reduction
of the risk for breast carcinoma with the use
of NSAIDs was studied, showed that the reg-
ular use of NSAIDs was associated signifi-
cantly with an 18-percent reduction in breast
carcinoma.32 Seven patients with head and
neck squamous cell carcinoma (stages III and
IV) were treated with different doses of in-
domethacin for 2 to 7 weeks.33 Five of 7 pa-
tients demonstrated tumor regression; in 3 of
them, it was significant. The patients who did
not receive indomethacin showed no de-
tectable response. The studies led to the iden-
tification of a molecular target, COX-2, in-
volved in tumor promotion during colorectal
cancer progression.34-36 It was also discovered
that NSAIDs did not suppress COX-2 expres-
sion or COX-2 protein level, but reduced its
activity and inhibited PGE2 production.37

Encouraging results have now also been
obtained with selective COX-2 inhibitors.
Two different COX-2-selective inhibitors - ro-
fecoxib and celecoxib - are currently avail-
able. Reddy et al.34 reported that the adminis-
tration of celecoxib to rats (male F344 rats
with azoxymethane-induced colon carcino-
genesis) during either stage of tumorigenesis
inhibited the incidence as well as multiplicity
of adenocarcinomas of the colon in a dose-de-
pendent manner. It also suppressed colon tu-
mor volume. This study provides the first ev-
idence that celecoxib is very effective if given
in the promotion or progression stage of
colon carcinogenesis, indicating that chemo-
preventive efficacy is achieved during the lat-
er stages of colon tumor development. Also,
the study on mice35 showed that selective
COX-2 inhibitor prevented hematogenous
metastases of colon cancer. In addition to
studies on colorectal carcinomas, the selec-
tive COX-2 inhibitor was used on human oral
squamous cell carcinoma cell line (KB cells)
implanted on the oral cavity of nude mice.38

The significant reduction of tumor growth

was observed and the number of microves-
sels, peripheral to the side of the tumor, was
reduced. The study of Leahy et al.39 on FGF-2
treated rodent corneas showed that the use of
celecoxib at a dose of 30 mg/kg/day per os
inhibited angiogenesis by 79%, and PGE2
production by 73%. A 65-percent decrease of
proliferation and a 2.5-percent increase of
apoptosis were observed.

The treatment with selective COX-2 in-
hibitors inhibited the COX-2 enzyme selec-
tively and did not lower the gastrointestinal
PG levels associated with mucosal protection.
Celecoxib 400 mg twice daily effectively de-
creased the number and size of colon polyps
in familial adenomatous polyposis with as lit-
tle as 6 months of treatment;40 however the
dose of celecoxib 100 mg twice daily was not
associated with significant regression in the
size and number of polyps. Clinical evidence
indicates that COX-2 selective inhibitors offer
the therapeutic benefits of traditional
NSAIDs with less of the associated toxicity.

Future directions

Recent studies in humans indicate that the
therapy with specific COX-2 inhibitors might
be an effective approach to cancer prevention
and treatment. As the treatment with com-
monly used NSAIDs inhibit COX-1 and COX-
2, the use of these agents may be limited by
normal tissue toxicity, particularly that of
gastrointestinal tract. Selective COX-2 in-
hibitors exert potent antiinflammatory activi-
ty but cause fewer undesired side effects. In
both, the prevention of carcinogenesis and
cancer therapy they may be more suitable as
anticancer agents than standard NSAIDs.
Based on the results of the study by Steinbach
et al.,40 US Food and Drug Administration ap-
proved celecoxib as adjuvant therapy for the
patients with familial adenomatous polyposis
(FAP). Similiarities between the biology of
FAP and sporadic colorectal cancer suggest
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that the strategies effective in FAP might be
applicable also in the patients with colorectal
adenoma. Several clinical studies are already
under way to assess the efficacy of selective
COX-2 inhibitors (celecoxib and rofecoxib) in
preventing sporadic colorectal adenomas in
large population. 

Since COX-2 inhibitors protect against the
formation of multiple tumor types in experi-
mental animals, the potential utility on vari-
ous target organs is also being examined.
Therefore, cohorts of patients with Barrett’s
dysplasia, premalignant oral lesions,
bronchial metaplasia, basal cell nevi and ac-
tinic keratosis are being treated.1 COX-2 in-
hibitors could play a role in the chemopre-
vention of epithelial cancers.13 COX-2 in-
hibitors could have an additive role also in
the treatment of some breast tumors. In the
breast cancer tissue, aromatase activity for
the production of estrogens is enhanced via
the increased expression of the aromatase
CYP19 gene by PGE2,41,42 which is increased
by overexpression of COX-2 in neoplastic
breast cells. The discovery that a selective
COX-2 inhibitor suppresses aromatase activi-
ty would be very important since a large num-
ber of postmenopausal women who are at
risk of breast cancer chronically use selective
COX-2 inhibitors to treat artritis; thus an epi-
demiologic study should not be problemati-
cal.

In preclinical models, a selective inhibitor
of COX-2 potentiated the beneficial antitu-
mor effects of ionizing radiation with no in-
crease in normal tissue antitoxicity.43 A selec-
tive COX-2-inhibitor-induced enhancement
of tumor radioresponse was associated with a
decrease in PGE2 levels, inhibition of neoan-
giogenesis; however, there was no effect on
radiation-induced apoptosis. This opens the
possibility for the use of these drugs for the
chemoprotection during the courses of ioniz-
ing radiotherapy. Recent evidence indicates
that COX-2 also increases multidrug resist-
ance protein1 (also known as P-glycoprotein),

an efflux pump for chemotherapeutic
agents.44 This effect was prevented by the
treatment with a selective COX-2 inhibitor.44

Although much work is required to establish
the clinical significance of this interaction, it
is appealing to speculate that selective COX-2
inhibitors will enhance the antitumor activity
of cancer chemotherapy by reducing mul-
tidrug resistance.1

Mohan and Epstein13 discussed the use of
COX-2 inhibitors in the head and neck squa-
mous-cell carcinoma and proposed that this
drug may represent a strategy for the preven-
tion of displasia and cancer.

Although, the prevention and treatment
with celecoxib seem promising, there are
many obstacles that must not be overlooked.
Selective COX-2 inhibitors have an excellent
safety profile regarding gastrointestinal tract,
but concerns have risen about cardiovascular
safety.45 The incidence of myocardial infarc-
tion has increased in the groups treated with
Vioxx (rofecoxib) comparing with naproxen.
By now, it is not certain whether this is a
chance event, a pro-thrombotic effect of rofe-
coxib or a cardioprotective effect of naprox-
en. Further studies are needed.

Most likely, selective COX-2 inhibitors
could become promising adjuvant therapy in
the prevention and treatment of certain carci-
noma, next to radiation and/or chemothera-
py. It is most promising, too, that COX-2 in-
hibitor will be added to antiangiogenic
chemotherapy. That clinical evaluation is ur-
gently warranted. A possible indication for
selective COX-2 inhibitor may also include
secondary prevention of recurrent disease.

Conclusions

Combining the evidence from many studies,
it may be concluded that the inhibition of
COX-2 is a viable approach to cancer preven-
tion and treatment. Despite these successes,
many questions remain unanswered. Clearly,
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research on COX-2 offers more hope of find-
ing new approaches to the treatment of can-
cer.

Acknowledgement

Author would like to thank Prof. Dr. Andrej
Cör for reading of the manuscript and helpful
comments.

References

1. Subbaramaiah K, Dannenberg AJ. Cyclooxygenase
2: a molecular target for cancer  prevention and
treatment. Trends in Pharmacological Sciences 2003;
24(2): 96-102.

2. Rao M, Yang W, Seifalian AM, Winslet MC. Role
of cyclooxygenase-2 in the angiogenesis of col-
orectal cancer. Int J Colorect Dis 2003.

3. Gately S. The contributions of cyclooxygenase-2 to
tumor angiogenesis. Cancer and Metastasis Rev
2000; 19(1-2): 19-27.

4. Subbaramaiah K, Telang N, Ramonetti JT, Araki R,
DeVito B, Weksler BB, et al. Transcription of cy-
clooxygenase-2 is enhanced in transformed mam-
mary epithelial cells. Cancer Res 1996; 56(19):
4424-9.

5. Eberhart CE, Coffey RJ, Radhika A, Gardiello FM,
Ferrenbach S, DuBois RN. Up-regulation of cy-
clooxygenase-2 gene expression in human colorac-
tal adenomas and adenocarcinomas. Gastroen-
terology 1994; 107(4): 1183-8.

6. Dannenberg AJ, Altorki NK, Boyle JO, Dang C,
Howe LR, Weksler BB, et al. Cyclo-oxygenase 2: a
pharmacological target for the prevention of can-
cer. Lancet Oncol 2001; 2(9): 544-51.

7. Sung JJ, Leung WK, Go MY, To KF, Cheng AS, Ng
EK, et al. Cyclooxygenase-2 expression in
Helicobacter pylori-associated premalignant and
malignant gastric lessions. Am J Pathol 2000;
157(3): 729-35.

8. Zimmermann KC, Sarbia M, Weber AA, Borchard
F, Gabbert HE, Schror K. Cyclooxygenase-2 ex-
pression in human esophageal carcinoma. Cancer
Res 1999; 59(1): 198-204.

9. Kondo M, Yamamoto H, Nagano H, Okami J, Ito
Y, Shimizu J, et al. Increased expression of COX-2

in nontumor liver tissue is associated with shorter
disease-free survival in patients with hepatocellu-
lar carcinoma. Clin Cancer Res 1999; 5(12): 4005-
12.

10. Wolff H, Saukkonen K, Anttila S, Karjalainen A,
Vainio H, Ristimaki A. Expression of cyclooxyge-
nase-2 in human lung carcinoma. Cancer Res 1998;
58(2): 4997-5001.

11. Chan G, Boyle JO, Yang EK, Zhang F, Sacks PG,
Shah JP, et al. Cyclooxygenase-2 expression is up-
regulated in squamous cell carcinoma of the head
and neck. Cancer Res 1999; 59(5): 991-4.

12. Dixon DA, Kaplan CD, McIntyre TM, Zimmerman
GA, Prescott SM. Post-transcriptional control of
cyclooxygenase-2 gene expression. J Biol Chem
2000; 275(16): 11750-7.

13. Mohan S, Epstein JB. Carcinogenesis and cy-
clooxygenase: the potential role of COX-2 inhibi-
tion in upper aerodigestive tract cancer. Oral Oncol
2003; 39(6): 537-46.

14. Subbaramaiah K, Altorki N, Chung WJ, Mestre JR,
Sampat A, Dannenberg AJ. Inhibition of cyclooxy-
genase-2 gene expression by p53. J Biol Chem 1999;
274(16): 10911-5.

15. Renkonen J, Wolff H, Paavonen T. Expression of
cyclo-oxygenase-2 in human tongue carcinoma
and its precursor lesions. Virchows Archiv 2002;
440(6): 594-7.

16. Majima M, Hayashi I, Muramatsu M, Katada J,
Yamashina S, Katori M. Cyclo-oxygenase-2 en-
hances basic fibroblast growth factor-induced an-
giogenesis through induction of vascular endothe-
lial growth factor in rat sponge implants. Br J
Pharmacol 2000; 130(3): 641-9.

17. Cianchi F, Cortesini C, Bechi P, Fantappie O,
Messerini L, Vannacci A, et al. Up-regulation of
cyclooxygenase 2 gene expression correlates with
tumor angiogenesis in human colorectal cancer.
Gastroenterology 2001; 121(6): 1339-47.

18. Gallo O, Franchi A, Magnelli L, Sardi I, Vannacci
A, Boddi V, et al. Cyclooxygenase-2 pathway cor-
relates with VEGF expression in head and neck
cancer. Implications for tumor angiogenesis and
metastasis. Neoplasia 2001; 3(1): 53-61. 

19. Nor JE, Christensen J, Mooney DJ, Polverini PJ.
Vascular endothelial growth factor (VEGF)- medi-
ated angiogenesis is associated with enhanced en-
dothelial cell survival and induction of Bcl-2 ex-
pression. Am J Pathol 1999; 154(2): 375-84.

20. Tomozawa S, Tsuno NH, Sunami E, Hatano K,
Kitayama J, Osada T, et al. Cyclooxygenase-2 over-

Legan M / The role of cyclooxygenase-2 in the malignant tissue192

Radiol Oncol 2003; 37(3): 187-94.



expression correlates with tumour recurrence, es-
pecially haematogenous metastasis, of colorectal
cancer. Br J Cancer 2000; 83(3): 324-8.

21. Kase S, Osaki M, Honjo S, Adachi H, Tsujitani S,
Kaibara N, et al. Expression of cyclo-oxygenase-2
is correlated with high intratumoral microvessel
density and low apoptotic index in human
esophageal squamous cell carcinomas. Virchows
Arch 2003; 442(2): 129-35. 

22. Miyata Y, Koga S, Kanda S, Nishikido M, Hayashi
T, Kanetake H. Expression of cyclooxygenase-2 in
renal cell carcinoma: correlation with tumor cell
proliferation, apoptosis, angiogenesis, expression
of matrix metalloproteinase-2, and survival. Clin
Cancer Res 2003; 9(5): 1741-9. 

23. Denkert C, Winzer KJ, Muller BM, Weichert W,
Pest S, Kobel M, et al. Elevated expression of cy-
clooxygenase-2 is a negative prognostic factor for
disease free survival and overall survival in pa-
tients with breast carcinoma. Cancer 2003; 97(12):
2978-87.

24. Kambayashi T, Alexander HR, Fong M,
Strassmann G. Potential involvement of IL-10 in
suppressing tumor-associated macrophages.
Colon-26-derived prostaglandin E2 inhibits TNF-
alpha release via a mechanism involving IL-10. J
Immunol 1995; 154(7): 3383-90. 

25. Wattenberg LW. Chemoprevention of cancer.
Cancer Res 1985; 45(1): 1-8.

26. Thun MJ, Namboodiri MM, Heath CW Jr. Aspirin
use and reduced risk of fatal colon cancer. N Engl
J Med 1991; 325(23): 1593-6. 

27. Marnett LJ. Aspirin and related nonsteroidal anti-
inflammatory drugs as chemopreventive agents
against colon cancer. Prev Med 1995; 24(2): 103-6.

28. Giovannucci E, Rimm EB, Stampfer MJ, Colditz
GA, Ascherio A, Willett WC. Aspirin use and the
risk for colorectal cancer and adenoma in male
health professionals. Ann Intern Med 1994; 121(4):
241-6.

29. Giovannucci E, Egan KM, Hunter DJ, Stampfer
MJ, Colditz GA, Willett WC, et al. Aspirin and the
risk of colorectal cancer in women. N Engl J Med
1995; 333(10): 609-14.

30. Harris RE, Namboodiri KK, Farrar WB.
Nonsteroidal antiinflammatory drugs and breast
cancer. Epidemiology 1996; 7(2): 203-5. 

31. Harris RE, Namboodiri KK, Farrar WB.
Epidemiological study of nonsteroidal anti-inflam-
matory drugs and breast cancer. Oncology Reports
1995, 2: 591-2. 

32. Khuder SA, Mutgi AB. Breast cancer and NSAID
use: a meta-analysis. Br J Cancer 2001; 84(9): 1188-
92.

33. Panje WR. Regression of head and neck carcino-
ma with a prostaglandin-synthesis inhibitor. Arch
Otolaryngol 1981; 107(11): 658-63.

34. Reddy BS, Hirose Y, Lubet R, Steele V, Kelloff G,
Paulson S, et al. Chemoprevention of colon cancer
by specific cyclooxygenase-2 inhibitor, celecoxib,
administered during different stages of carcino-
genesis. Cancer Res 2000; 60(2): 293-7.

35. Tomozawa S, Nagawa H, Tsuno N, Hatano K,
Osada T, Kitayama J, et al. Inhibition of
haematogenous metastasis of colon cancer in mice
by a selective COX-2 inhibitor, JTE-522. Br J Cancer
1999; 8(8): 1274-9.

36. Oshima M, Dinchuk JE, Kargman SL, Oshima H,
Hancock B, Kwong E, et al. Suppression of intes-
tinal polyposis in Apc delta716 knockout mice by
inhibition of cyclooxygenase 2 (COX-2). Cell 1996;
87(5): 803-9. 

37. Chen WS, Wei SJ, Liu JM, Hsiao M, Kou-Lin J,
Yang WK. Tumor invasiveness and liver metasta-
sis of colon cancer cells correlated with cyclooxy-
genase-2 (COX-2) expression and inhibited by a
COX-2 selective inhibitor, etodolac. Int J Cancer
2001; 91(6): 894-9. 

38. Nishimura G, Yanoma S, Mizuno H, Kawakami K,
Tsukuda M. A selective cyclooxygenase-2 in-
hibitor suppresses tumor growth in nude mouse
xenografted with human head and neck squamous
carcinoma cells. Japan J Cancer Res 1999; 90(10):
1152-62.

39. Leahy KM, Ornberg RL, Wang Y, Zweifel BS, Koki
AT, Masferrer JL. Cyclooxygenase-2 inhibition by
celecoxib reduces proliferation and induces apop-
tosis in angiogenic endothelial cells in vivo. Cancer
Res 2002; 62(3): 625-31.

40. Steinbach G, Lynch PM, Phillips RK, Wallace MH,
Hawk E, Gordon GB, et al. The effect of celecoxib,
a cyclooxygenase-2 inhibitor, in familial adenoma-
tous polyposis. N Engl J Med 2000; 342(26): 1946-
52.

41. Zhao J. Estrogen biosynthesis proximal to a breast
tumor is stimulated by PGE2 via cyclic AMP, lead-
ing to activation of promoter II of the CYP19 (aro-
matase) gene. Endocrinology 1996; 137: 5739-42.

42. Brueggemeier RW, Quinn AL, Parrett ML, Joarder
FS, Harris RE, Robertson FM.  Correlation of aro-
matase and cyclooxygenase gene expression in hu-
man breast cancer specimens. Cancer Letters 1999;
140(1-2): 27-35. 

Legan M / The role of cyclooxygenase-2 in the malignant tissue 193

Radiol Oncol 2003; 37(3): 187-94.



43. Kishi K, Petersen S, Petersen C, Hunter N, Mason
K, Masferrer JL, et al. Preferential enhancement of
tumor radioresponse by a cyclooxygenase-2 in-
hibitor. Cancer Res 2000; 60(5): 1326-31.

44. Patel VA, Dunn MJ, Sorokin A. Regulation of
MDR-1 (P-glycoprotein) by cyclooxygenase-2. J
Biol Chem 2002; 277(41): 38915-20.

45. Mukherjee D, Nissen SE, Topol EJ. Risk of cardio-
vascular events associated with selective COX-2
inhibitors. JAMA 2001; 286(8): 954-9.

Legan M / The role of cyclooxygenase-2 in the malignant tissue194

Radiol Oncol 2003; 37(3): 187-94.


