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THE POTENTIAL ROLE OF NONSTEROIDAL

ANTI-INFLAMMATORY DRUGS (NSAIDS)
IN CHEMOPREVENTATION OF CANCER

Farshid Saadat!, Kamiar Zomorodian?, Mohammad Pezeshki?,
Mohammad Reza Khorramizadeh *

ABSTRACT:

Objective: To find out the probable effects of Nonsterpidal anti-inflammatory drugs (NSAIDs) in the
preventation and treatment of cancer.

Design: The influence of NSAIDs on Fibrosarcoma cell line was investigated by using an in vitro
cytotoxicity assay, Terminal deoxyribonucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL)
assay and gelatin zymography.

Setting: Department of Pathobiology, School of Public Health and Institute of Public Health Research,
Tehran University of Medical Sciences.

Resuits: Cytotoxicity analysis of Diclofenac revealed much higher cell death than other examined agents.
A potenet apoptotic influence of Diclofenac was also confirmed by data obtained from TUNEL assay. Dose-
dependent inhibitory effects on Matrix metalloproteinases (MMPs) was seen in higher degree in Diclofenac
compared with other examined NSAID(Piroxicam)and a synthetic glucocorticoid (Dexamethasone).
Conclusion: based on our data, the induction of apoptosis together with MMPs inhibition could be indica-
tive of cancer treatment, thus Diclofenac might be considered as a chemopreventative agent in cancer.

KEYWORDS: Apoptosis, Cancer, Matrix metalloproteinases, NSAIDs

Abbrevaitions: MMPs: Matrix metalloproteinase, ECM: Extracellular matrix, SDS PAGE: Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, NSAIDs : Nonsteroidal anti-inflammatory drugs, TUNEL: Terminal
deoxyribonucleotidyl transferase-mediated dUTP nick-end labeling.
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Nonsteroidal anti-inflammatory drugs
(NSAIDs) have been clinically used for their
anti inflammatory, anti pyretic and analgesic
properties. Itis widely believed that their thera-
peutic actions are based on their ability to block
the production of prostaglandins by their in-
hibitory effects against cyclooxygenase'?.
Cyclooxygenase has two isoforms
(cyclooxygenase -1 and -2) which both be in-
hibited by NSAIDs*?, although there is some
differences in their relative potency against tie
two  forms  of  cyclooxygenase®’.
Cyclooxgygenase type 1 is constitutively ex-
pressed, and the prostaglandins produced by
this isoform have thus been thought to play a
“house keeping” function. In contrast,
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Cyclooxgygenase type 2 is an inducible enzyme
that is normally absent in intact cells but is ex-
pressed in response to growth factors, tumor
promoters and cytokines®™'’. Based on several
observations, a regular intake of NSAIDs is
associated with a decreased incidence of vari-
ous types of cancers'".

On the other hand, most investigators unani-
mously admitted that Matrix
metalloproteinases (MMPs) are critical enzymes
in tumor growth invasion, metastasis'®*"* and
neovascularization®. MMPs are a family of
highly homologous, zinc and calcium depen-
dent endopeptidase that clear most, if not all,
components of extracellular matrix (ECM).
Thus, each component with potential inhibi-
tory influence on MMPs expression is able to
reduce the risk of cancer.

Here we study the probable antitumorigenic
and MMPs expression blockage effects of
NSAIDs for their ability to prevent and treat-
ment of cancer by cytotoxicity, zymography
and programmed cell death assay. In addition,
their cytotoxicity effect has also been compared
with synthetic corticosteroids.

MATERIALS AND METHODS

Cell culture: The Fibrosarcoma cell line (WEHI
164) was seeded at initial density of 2x10¢cells/
well in 96-well tissue culture plates. Cells were
maintained in RPMI-1640 medium supple-
mented with 5% fetal calf serum, penicillin at
100 units/ml, and streptomycin at 100 pg/ml,
under 5% CO,, 37°C and saturated humidity.

Dose-response analysis: Triplicate, two-fold di-
lutions of Dexamethasone and Diclofenac
preparations were transferred to overnight
cultured cells. Non-treated cells were used as
control. Cells were cultured overnight and were
then subjected to colorimetric assay. A sample
of the media was used for zymoanalysis.

Colorimetric assay: After each experiment, the
cells were washed three times with ice-cold
PBS, followed by fixation in a 5% formalde-
hyde solution. Fixed cells were washed three
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times and stained with 1% crystal violet.
Stained cells were washed, lysed and
solubilised with 33.3% acetic acid solution. The
density of developed purple color was read at
580 nm.

Zymoanalysis: This technique has been used
for the detection of gelatinase (collagenase type
IV or matrix metalloproteinase type 2, MMP-
2) and MMP-9, in conditioned-media accord-
ing to Heussen and Dowdle method (21) with
some modifications. Briefly, aliquots of condi-
tioned media were subjected to electrophore-
sis in (2mg/ml) gelatin containing polyacryla-
mide gels, in the presence of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) under non-reducing conditions.
The gels underwent electrophoresis for 3 hours
at a constant voltage of 80 volts. After electro-
phoresis, the gels were washed and gently
shaken in three consecutive washings in 2.5%
Triton X100 solution to remove SDS. The gel
slabs were then incubated at 37°C overnight
in 0.1 M Tris HCI gelatinase activation buffer
(pH 7.4) containing 10mM CaCl, and subse-
quently stained with 0.5% Coomassie Blue.
After intensive destaining, proteolysis areas
appeared as clear bands against a blue back-
ground. Using a UVI Pro gel documentation
systemn (GD5_8000 System), quantitative evalu-
ation of both surface and intensity of lysis
bands, on the basis of grey levels, were com-
pared relative to non-treated control wells and
expressed as “Relative Expression” of
gelatinolytic activity.

Cell apoptosis assay: The cells were treated
with the different agents for 24 hour and then
fixed in 4% paraformaldehyde and
permeabilized with 0.1% Triton X-100. Termui-
nal deoxyribonucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay for
detecting DNA fragmentation was performed
by flocytometric analyze as indicated by kit
instructions. (APO-BRDU, Roche, CA, USA).
The cell nuclei were stained with Fluorescein
and Propidium iodide and apoptotic and total
cells were counted by flocytometry instrument

Vol. 19 No. 1 14



(FACSCalibar Becton Dickinson, USA). The
results were expressed as percentage of
apoptotic cells.

Statistical analyses: The differences in cell pro-
liferation and gelatinase activity were com-
pared using the Student’s ¢ test. P values <0.05
were considered significant.

RESULTS

Cell cytoxicity of Diclofenac comparing to
Piroxicam and Dexamethasone is illustrated in
Figure-1. The cytotoxic effects of Diclofenac
caused 40% and 77.5% cell death at 10 and 20
ig/mL respectively. Besides, the majority of cells
seem to be dead up to 40 ig/mL. Cytotoxicity
analysis of Piroxicam and Dexamethasone
were almost similar to each other and revealed
considerable decreases in cell number up to 40
ig/mL. Data obtained from TUNEL assay
indicat that Diclofenac with concentrations 20
ig/mL, 40 ig/mL and 80 ig/mL caused 19.4%,
60.7% and 78% cell apoptosis respectively.
Diclofenac in comparison with Piroxicam and
Dexamethasone induced 3 to 4 fold increase
in total apoptotic cells, approximately
(Figure 2).

The Relative expression of MMPs activity of
Diclofenac, Piroxicam and Dexamethasone is
presented in figure-3. Higher inhibitory
activities have been seen in Diclofenac rather
than examined agents at all concentrations.
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DISCUSSION

In the present study, the effect of NSAIDs
on the apoptotic DNA fragmentation was ex-
amined in cultured fibrosarcoma cells. DNA
fragmentation, a typical feature observable in
cells undergoing apoptotic cell death®*, was
significantly induced in WEHI cells by treat-
ment with Diclofenac and Piroxicam which are
potent and non-specific inhibitors of
cyclooxygenase. The same effect was also seen
by treatment with a synthetic glucocortocoid,
Dexamethasone.
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Cytotoxicity analysis test for Diclofenac
treated cells revealed that this substance
showed significant cytotoxic effect up to 10ig/
mL. By contrast, our data showed that non-
steroidal anti-infalammatory agent i.e.,
Piroxicam eliceted less cytotoxic characteristics
as compared to Diclofenac at low concentra-
tions (< 20 ig/mL). Among steroidal drugs,
Dexamethasone was examined and its cyto-
toxic pattern was similar to piroxicam. More-
over, our findings showed that these drugs
were all cytotoxic, especially in high dose
treatments (Figure 1).

In addition, in this study the induction of
apoptotic DNA fragmentation by NSAIDs was
demonstrated in cultured cells. Concerning
data obtained from TUNEL assay, induction
of cell apoptosis by Diclofenac was similar to
Piroxicam and Dexamethasone at low concen-
tration. In contrast, Diclofenac caused signifi-
cantly higher cell death at elevated doses. Our
data are in agreement with experiment by El-
der and Smith who demonstrated that NSAIDs
are able to induce programmed cell death in
other cancer cell lines***. Evidence to date in-
dicates that the majority of NSAIDs are medi-
ating their anti-proliferative effects by
cyclooxygenase (COX) inhibiting activity®-,
Furthermore, recent investigations demon-
strate that specific inhibitors of COX-2 are able
to reduce recurrence of malignancy**. Con-
cerning potential less toxicity of COX-2 inhibi-
tors, as compared to traditional NSAIDs, their
application for cancer chemoprevention seems
to be more rational. However, studies on the
definite molecular mechanisms by which
NSAIDs induce apoptosis are thus still
called for.

Besides, as one of the critical steps for tumor
invasion and metastasis is the destruction of
ECM that is catalyzed mainly by the MMPs*,
inhibition of MMPs could be beneficial in pre-
venting tumor metastasis. Only limited infor-
mation is available on the effects of non-steroi-
dal anti-infalammatory drugs and
glucocorticoides in regulating MMPs activity
and/or biosynthesis. Our zymogeraphy
analysis test of non-steroidal and steroidal anti-
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inflammatory drugs showed similar results
with previous studies**; reduction of expres-
sion of MMPs, are associated with increasing
concentration of these drugs. Indeed, reduc-
tion of MMPs expression might be indicative
of the cell death processes. Moreover, all these
agents inhibited MMPs-activity in a dose-
response fashion (Fig 3).

With this regard, potential ability of these
agents to inhibit MMPs could be an extra
characteristic to prevent tumor invasion and
metastasis. Collectively, Diclofenac might be
assumed as a component, which has the
potential to be applied to chemoprevention of
cancer.

ACKNOWLEDGEMENTS

We are grateful to Ms Ansari and Ms Farnia
for their valuable technical assistance.

REFERENCES

1. Vane JR. Inhibition of prostaglandin biosynthesis as a
mechanism of action for aspirin like drugs. Nature,
MNew Biol 1971; 231: 232-235.

2. Wallace JL. Mechanisms of nonsteroidal anti inflam-
matory drugs(NSAIDs) induced gastrointestinal
damage-potential for development of gastrointesti-
nal tract safe NSAIDs. Can ] Physiol Pharmacol 1994;
72:9717-9721.

3. Merlie JP, Fagan D, Mudd |, Needleman P. Isolation
and characterization of the complementary DNA for
sheep seminal vesicle prostaglandin endoperoxide
synthase (Cyclooxygenase). | Biol Chem 1988; 263:
3550-3553.

4. Funk CD, Func LB, Kennedy ME, Pong AS, Fitzgerald
GA. Human platelet/erythroleukemia cell prostag-
landin G/H synthase: cDNA cloning, expression
and gene chromosomal assignment. FASEB | 1991; 5:
2304-2312,

5. ONeill PO, Ford-Hutchinson AW. Expression of
mRNA for cyclooxygenase -1 and -2 in human tissues.
FEBS Letter 1993; 330: 156-160.

6. Meade EA, Smith WL, Dewitt DL. Differential inhibi-
tion of prostaglandin endoperoxide synthase
(eyclooxygenase) isozymes by aspirin and other non-
steroidal anti inflammatory drugs. ] Biol Chem 1993;
268: 6610-6614.

7. Mitchell J.A., Akarasereenont P, Thiemermann C.,
Flower R.J., Vane ].R. Selectivity of nonsteroidal anti
inflammatory drugs as inhibitors of constitutive and
inducible cycloogygenase. Proc Natl Acad Sci, USA
19494: 90: 11693-11697.

Vol. 19 No. 1 16



NSAIDs in chemopreventation of cancer

8. OBanion MK, Sadowski HB, Winn V, Young DA. A 24. Elder DJE, Halton DE, Hague A, Paraskeva C.
serum and glucocorticoid regulated 4 kb mRNA Induction of apoptotic cell death in human colorectal
incodes a cycloogygenase related protein. | Biol Chem carcinoma cell lines by a cyclooxygenase-2 (COX-2)-
1991; 266: 23261-23267. selective non-steroidal anti-inflammatory drug:

9. Xie WL, Chipman ]G, Robertson DL, Erikson RL, independence from COX-2 protein expression. Clin
Simmons DL. Expression of a mitogen responsive Cancer Res 1997; 3 :1679-1683.
gene incoding prostaglandin synthase is regulated by 25. Smith ML, Hawcroft G, Hull MA. The effect of non-
mRNA splicing. Proc Natl Acad Sci, USA 1991; 88: steroidal anti-inflammatory drugs on human
2692-2696. colorectal cancer cells: evidence of different mecha-

. ' f action Eur ] Cancer 2000; 36: 664-674.

10. Hla T, Neilson K. Human cycloogynase type 2 cDNA. AR O
Proc Natl Acad Sci, USA 1992 ; 89: 7384-7388. 26. Chan AT. Nonsteroidal anti-inflammatory drugs,

11. Suh O, Mettlin C, Petrelli NJ. Aspirin use, cancer and E’:P'tﬂzﬁgi?f ﬁ;f;ﬁn'ﬂa ncer chemoprevention.
polyps of the large bowel. Cancer. 1993; 72: 1171-1177. 27 Co lf 5 J}{ s I:.-e K v EH

: . .. - Corley DA, Kerli 5 erma R, Buffler P: Pro-

k2. PESEE H’_hfalbfd&; HFI;'. E?T?IWHSH’ Wllcdax CM. 5:51:2 tective association of aspirin/NSAIDs and esophageal

a-nk“fnn ;;:ﬂ ﬂtan Il'm Mrmamr}' mﬁ;"ﬁa !"-; od cancer: a systematic review and meta-analysis.
0% 188 aks A% Arectalcancer. Arch Inbem Gastroenterology 2003;124(1):47-56.

o ' | 28. Johnson TW, Anderson K.E., Lazovich D, Folsom A.R:

13. Muscat JE, Stellman 5D, Wynder EL. Non-steroidal Assaciation of Aspirin and Nonsteroidal Anti-inflam-
ﬂm“_"ﬂf'lmm"mr}rdmgs and colorectal cancer. Cancer matory Drug Use with Breast Cancer. Cancer
199%4; ”-1_3‘“"135‘*-_ _ N Epidemiol Biomarkers Prev 2002;11(12):1586-91.

14. La Vecchia C, Negri E, Franceschi 5, etal. Aspirinand 39, Njthipatikom K, Isbell MA, Lindholm PF, et. al.
colorectal cancer. Br ] Cancer 1997; 76: 675-677. Requirement of cyclooxygenase-2 expression and

15. Rosenberg L, Palmer JR, Zauber AG, et al. A pl‘ﬂsmgl?:ritdlgs fi:ehumanztp";'gst;{t;} ?}H cell
hypothesis:non-steroidal anti-inflammatory drugs invasion. Clin Exp Metastasis :19(7): 1.
reduce the incidence of large-bowel cancer. ] Natl 30. Rex DK. Screening for colon cancer and evaluation of
Cancer Inst 1991; 83: 355-358. chemoprevention with coxibs. ] Pain Symptom

16. Fidler IJ. Molecular biology of cancer: invasion and Manage 2002; 23(4 Suppl): 41-50.
metastasis. In Cancer: Principles and Practice of 31. Ricciardiello L, Roda E, Bazzoli F. Chemoprevention
Oncology (5th edn) (Devita, V.T. et al., eds), in colorectal neoplasias: what is practical and feasible?
pp 135152, Lippincott-Raven, 1997, Dig Dis 2002; 20(1):70-2.

17. Stetler-Stevenson WG, Hewitt R, et al. Matrix 32. Lynch PM. COX-2 inhibition in clinical cancer preven-
metalloproteinases and tumor invasion: from tion. Oncology (Huntingt) 2001 ; 15(3 Suppl 5):21-6.
correlation and causality to the clinic. Semin Cancer 33. Thant AA, Serbulea M, et al: C-Ras is required for the
Biol 1996; 7: 147-154. activation of the matrix metalloproteinases by con-

18. Jones L, Ghaneh P, et al. The matrix metalloproteinases canavalin A in 3Y1 cells. FEBS Letters 1997;406: 28-30.
and their inhibitors in the treatment of pancreatic 34. Eberhardt W, Schulze M, et al. Glucocorticoid-medi-
cancer. Ann New York Acad Sci 1999; 880: 288-307. ated suppression of Cytokine-induced matrix

) . metalloproteinase-9 expression in Rat mesangial cells:

15. ﬁlt:"u‘::'u t&;ig?:'::lmii_ aﬁg;g;ﬁ:is{;i dn:L?,::: involvement of nuclear factor-kappaB and Ets
metastasi. Pathol Oncol Res 2001, 7(1) 14-23 iritocdption facioes. Mol Encocrinol 2002; 16(5)

20. Nguyen M, Arkell ], et al. Human endothelial 35. Pross C, Farooq MM, et al. Dexamethasone inhibits
gﬁéﬁ;ﬁ;ﬁ% a;ﬁzgﬂgenesis- Int ] Biochem Cell Biol vascular smooth muscle cell migration via modula-

. : - tion of matrix metalloproteinase activity. ] Surg Res

21. Heussen C, Dowdle EB. Electrophoretic analysis of 2002 ; 102(2): 57-62.
plasminogen activator in polyacrylamide 36. Sadowski T, Steinmeyer ]. Effects of non-steroidal
gels containing sodium dodecyl sulfate and copoly- anti-inflammatory drugs and Dexamethasone on the
merized substrates. Analytical Biochemistry 1980; 102: activity and expression of matrix metalloproteinase -
195-202. 1, matrix metalloproteinase-3 and tissue inhibitor of

" . - metalloproteinases-1 by bovine articular chondrocytes.

= EE::‘ 1;;;??2;}:;&””““ and disease. Osteoarthritis Cartilage 2001; 9(5): 407-415.

23. Williams |T, Smith CA. Molecular regulation of
apoptosis: genetic controls on cell death. Cell 1993; 74:

TI7-779.
Pak J Med Sci Vol.19 No. 1 17



