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ABSTRACT

Background and Objectives : Nonsteroidal anti-inflammatory drug (NSAID) -activated gene (NAG-1), which is induced by
NSAIDs, has proapoptotic and antitumorigenic effects in colorectal cancer cells. However, NAG-1 induction and its effect on the
apoptosis in human oral cavity cancer cells (SCC 1483) have not been determined. Materials and Method : NAG-1 expression
by various NSAIDs in SCC 1483 cells was investigated by Western blot analysis. The induction of apoptosis by NSAID and the
relationship between NAG-1 expression and apoptosis were determined by Western blot assay and flow cytometry. Drosophila
cells stably expressing NAG-1 were constructed and NAG-1 conditioned medium (NCM) were made. Apoptosis was examined
with flow cytometry on SCC 1483 cells treated with NCM. Results : Diclofenac was the most potent inducer of NAG-1. Diclo-
fenac inhibited the proliferation of SCC 1483 cells and this inhibition was proved as apoptosis. Diclofenac induced the expression
of NAG-1 and also induced apoptosis in time and dose dependent manner. In the concentrated NCM, the expression of NAG-1
was intense and apoptosis was induced by addition of 5 11 of NCM. Conclusion : Based on these data, we could assure that
NSAIDs induced NAG-1 in oral cavity cancer cells and NAG-1 induced apoptosis. Therefore, we suggest that it is possible to
use NSAIDs as a chemopreventive agent in oral cavity cancer. Further studies on the mechanism of NAG-1 and clinical use will
be needed. (Korean J Otolaryngol 2004;47:1030-7)

KEY WORDS : Non-steroidal anti-inflammatory agents - Oral cancers - Apoptosis.
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OO0 0O0000. 000 000 propidium iodide(Pl, 20
M og/m) 1 mid RNase(1 mg/mi0 2000 OO0 O
flow cytometry(FACSort, Becton Dickinson, San Diego,
CA, USA)O 0000 DNAO OO OO0 00O OO0
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0 00000.0000 PIO OOOO OO annexin V—
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000 0O 40 OO0 OOOO DOOOOo.
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indomethacin 00 0000 0000 20 00 0000
NAG—-10 O00000. 000 acetaminophen, piroxicam,
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Fig. 1. Expression of NAG-1 by various NSAIDs. AQl Wes-
tern blot analysis. BO Graph showing the fold increase
(ratio) of NAG-1 expression. 100 p M NSAIDs were frea-
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ted to SCC 1483 cells for 48 hours and the expressions
of NAG-1 and actin were examined with Western blot
analysis. NAG-1 expression was normalized to the level
of relevant actin expression and is described relative
to that of control (DMSO) as ratio. Diclofenac, aceclo-
fenac, indomethacin, ibuprofen, and sulindac sulfide
induce NAG-1 expression, and among them, diclofe-
nac is the most potent NSAIDS as 5.2-folds increase of
NAG-1 expression. Lane 1-DMSO, lane 2-indomethacin
(INDO), lane 3-acetamionphen (ACET), lane 4-piroxi-
cam (PIRO), lane 5-diclofenac (DICLO), lane é-ibupro-
fen (IBU), lane 7-sulindac sulfide (S.S), lane 8-NS 398
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(NS), lane 9-aceclofenac (ACEC).
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Table 1. Inhibition of cell proliferation by diclofenac
Inhibition (%)
1 29.1+ 8.2

10 532+ 7.5

100 67.8+ 9.7
Valuell mean+ standard deviation

Diclofenac (u M)

Table 2. DNA content of diclofenac-treated cells
Diclofenac (u M) G0/G1 (%) S (%)
0 44.8+ 0.4 40.3+ 0.3
1 46.2+ 0.5 39.6+ 0.4
10 60.7+ 0.8 25.7+ 0.6

100 65.4+ 0.7 21.3+ 0.5
Valuell mean+ standard deviation

G2/M (%)
14.9+ 0.5
14.2+ 0.6
13.6+ 0.4
13.3+ 0.8

Diclofenac OO SCC 1483 000 OO OO O OO
od

Diclofenacd 00O SCC 1483 00 00O O00OOO O
0 00 00 0,1, 10, 100 y MO diclofenacCl 4800
00 00000 00 0000 0ooo 00O, 00 oo
OO0 diclofenacd 00000 O flow cytometryll OO
00 DNADO 00 0000 0000 000 ooooo
00 0000 ooooo.

Diclofenacd 00O 0O0O0O0O OO0 10 y MOO 50%
000 00 000 000,00 000 diclofenac 000
OO0 O0O0000d((Table 1). Diclofenac 000 00O subGl
0000 0000 000 44.8%, diclofenac 1 y MO O
0 46.2%, 10 y MO O 60.7%, 100 y MO OO 65.4%
000 10 uMOO subG1 0000 OO0OO O0O00O0OO
(p<0.05)(Table 2). OO0 OOO diclofenac 10 y MO

0O 000 0000 ooo oobobo oo ooo o oo
oo.

NAG-1 000 000000 000

00 000 00 diclofenacd NAG-10 0000 di-
clofenac] 00 OO0OO 00 0 DOOOO0 0000 O
0 000. 00 diclofenacd 00 OO0 NAG-10 OO
0000 0000 OO0 00 diclofenacd OO0 (O, 1,
10, 100 p M)O 4800 OO0 0OOOOOO0 NAG-1 O
00 00000, diclofenac 10 yw MO OO0 (O, 6, 12,
24,36, 48, 72 00)0 000000 NAG-10 00O
00000. 000 00 0000 diclofenacd 0000
0 00000 00000 0000 annexin V—FITCO
0000 O flow cytometryd D000 FACS 00O O
0 00000 000 00 000 O 0000 NAG-1
000 000000 0000 00O0.

000 diclofenac 000 NAG-1 000 10 y MOO
20 0O 0000 100 pMOO OO0 OO 0OOOO
(Fig. 2A). 00 00000 0000 10 000 O OO
00 0000 1 wMOO 1.3+ 02,10 p MO OO0 2.6+
0.4, 100 p MOO 4.7+ 0.70 00 10 pMOO OOOO
0 0000 00000 (p<0.05)(Fig. 2B).

000 NAG-10 000 diclofenac 10 pM 0000
240000 0000 OO0 240 00 00000 00O
NAG-100 000 000 00 00000 (Fig. 2C). O
0 000 0O0O000 0000 10 000 0 0000 O
000 6000 1.0+ 02, 12000 00 1.2+ 0.1, 240
00 16+ 01,36000 OO 2.5+ 05, 48000 3.1+

1033




" o
o
e O -
£
Actin ‘_—_‘ 3 2
9
L
Ratio 1.0 1.3 2.6 47 & ‘
0
0 1 10 100 M)
7.5 -
0 6 12 24 48 36 72(rs) T
2
8 50 -
NAG-1 — 5
L3 g
o
[e]
Actin e N——— 25
Ratio 1.0 10 12 21 26 39 58
0.0 -

0 6 12 24 36 48 72
(hrs)

Fig. 2. NAG-1 expression and induction of apoptosis according to the dose and time of diclofenac treatment. Diclofenac was
treated to SCC 1483 cells according to various doses and time points. NAG-1 expression and apoptosis were examined with Western
blot analysis and flow cytometry. NAG-1 expression was normalized to the level of relevant actin expression and is described relative
to that of control as ratio. Apoptosis is represented by the fold inrcease in the percentage of apoptotic population over that of
control. AO In Westem blot analysis, NAG-1 expression is observed from 10 y M diclofenac and its expression increases in accordance
with the increase of dose. BO In flow cytometry, the increase of apoptosis is noted from 10 p M diclofenac and apoptosis increases
with the increment of dose. CO In Western blot analysis, NAG-1 expression is observed from 24 hours treatment of diclofenac and the
increase continues in accordance with the incease of the freatment duration. DO In flow cytometry, the increase of apoptosis is
apparent from 36 hours treatment and the increase is observed with the increment of tfreatment duration.
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Fig. 3. AO Western blot analysis of VCM and NCM. VCM and NCM were made using inducible NAG-1-tranfected Drosophila cells
and the detailed methods were described in Materials and Method section. In 1 p | of concentrated NCM (N), about 10 kDa-sized
NAG-1 protein is observed and the NAG-1 expression increases in 5 p | of concentrated NCM. However, in VCM (V), this 10 kDa-sized
NAG-1 is not noted. The 15-kDa sized protein is naturally secreted NAG-1 protein in Drosophila cells. BO Flow cytometry of VCM and
NCM. SCC 1483 cells were treated with VCM and NCM (10 20 to medium), respectively, and apoptosis was examined with flow cyto-
metry. Apoptosis is represented by the fold inrcease in the percentage of apoptotic population over that of control (CTRL). In NCM,
apoptosis shows about 2.7-folds increase compared with control and VCM. However, in VCM, the increase of apoptosis is not obser-
ved.

0.4, 7200 O 58+ 090 0000 00O OO 3600
00 00000 0000 00000 0000 00000
0 00000 000 00 00000 (p<0.05)(Fig. 2D).

000 000 diclofenac 10 p MO O NAG-10 00
00,000 NAG-10 00000 0000 000 O O
ooao.
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Table 3. Inhibition of cell proliferation by VCM and NCM
Inhibition (%)

VCM 1 p | 10.3+ 5.7
NCM 1 p | 16.4+ 4.8
VCM S5 p | 11.7+ 6.3
NCM 5 p | 46.3+ 12.8

Valuell mean+ standard deviation

00 ooooo.

EcoR 10 Xho 100 OO0 NAG-1 0000 00O
NAG-1 000 000 O 10 kDa(D 0 0)0 O, Western
blot 000 O0DO000 0000 000 000 15 kDa
000 000 000 00000 0 0000 000 O
10 kDa NAG-1 000 000 0O0000. 00 NCM
1pl,5pl00 NAG-1 000 1 pl00 NAG-10 O
00 0000 5pl00 000 00 00000, VEMO
00 NAG-10 0000 00O (Fig. 3A). 00 000
0 0000 000 0000 NCMOO NAG-1 000
000000, VEMOOO NAG-1 000 000 00 O
000 O0o00.

NCMO VCMO OO 1ul, 5ul0 OO0 000 OO
00 480000 00 O 000 0000 OOOO NCM
1pl000 00000 0000 0000, NCM 5 p IO
00 000 00 VeMO 00 0000 O 4000 00
0 00000 (Table 3). 000 OO0 NCM 5 pld O
0000 00000 00 0000 NCMO 00 0000
000 0000 00 100 wld 0000 5 ul0100 pl
(1020)00 0O00.

6 well plateD NCM, VCM 0 00000 0000 O
0000 000 000 0000 00 10200 000 O
0 4800 00 OO0 O FACS 00O 000O0O. 000
0 00000 000 0000 10 000 O, NCMO O
0 00 27+0.7, VCMO 00 OO0 1.4+ 040 000
00 NAG-1 000 00 00000 0000 000 O
000 (Fig. 3B).

H H

0000 0000 OO0 OO0 OO0 (oral dysplastic le-
sion)d] 00O COX-20 OO0 OO OO OO0 OO O
000 CoxX-—20 000 00002 0000000 oo
00 COX-20 000000 0000 O00oo ooo
00 0000 00000 00002 000 00 000
0 0000000 0000 CoX-2 00 0o ooo o

0|F2t 2
0O 00000 00000 00000 00 ooogo®?
000 COX-2 0000 00 O 00D 00-000 O
000D 000 NAG-10 00O 0000 ogogo®w

0 00000 000 0000 00000 NAG-10
100 py MO diclofenac, aceclofenac, indomethacin, sulin-
dac sulfide OO OO OOOO O O diclofenac OO
0000 NAG-10 0O0O000. 000 000 00-00
0O 0000 00 0000000 D000 00 NAG-1
0 00000 0000 0000 0000 000 NAG-1
0000000 000 ooo0® 00-000 000 00
NAG-10 00 0000 0000 0000 sulindac suk-
fideO O, diclofenacd OO0 OO0 200 y MO O0O0O
0O 000 OO0 O 3700 NAG-10 00O0O00.000
000 00 0000000 0000 NAG-1000 O
00 0000 00 00 00000 00000, oodo
indomethacinD OO OO, 0000 O0O,000 OO O
0O 00000 OO0 NAG-10 00 OO0 00O 00
Oooo 000 goog.*?

000 NAG-1 000 00 O 00O0O0O0O0O 000
0O 00 0D0OO0 000 000 0000000 0000 O
000D 00 00000 000 0000 000 000
0. 000 NAG-1 0000 0000000 0000
0O 000 00 000 OO0 NAG-1 0000 0000
00 00000 00 0000 OO0 000 0000 O
000D 0O0.000 00D 00 000 000 ps3 0
OO0 OO0 0000.p53 000 NAG-1 000 00 O
00 000 0000 O 000 00 000 NAG-1 000
000 000 00.® 000 00 000 D00 NAG-1
000 p53 OO0 OODOO OO0 OO 0ooo oot
000 NAG-1 00 O 000 00 000 00O0O0O
00000 OO NAG-100 000 00 00000 O
oooo oooo.

O OO0 000 diclofenac 10 p MO O NAG-10 OO0
OO0 0 10 MO 000 2400 OO0 DOOOO NAG-1
0 0000 00000.00 00000 000 00 36
0000 00000 diclofenacd 00 000 NAG-10
00000 OD000 000 O O 0DO00.000 NAG-1
0O 00O 00 diclofenac 00 OO0 OO 0OOOO O,
COX-2 000 00 D0O0OO0O0 OO0 00 000 00O
000 000 O 0O0.00 CoX-2 000 OO0 000
000 diclofenacd IC,0 1 pM OOOOOY 000D
00 00000 0000 000 O 00000 10pM
00 00000 0000 00000 000 000 000
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0O 000 0O0.000 00 00000 00000 NAG-1
0O 00 D0D0O00 D00 000 0000 NAG-1 00
0 00 00000 0O0DOO 0000 00 NCMO O
Oooo ooooo.

0 00000 NAG-10 00000 plasmidd OO0
000 000 000000 O CuSo,0 NAG-10 OO0
00 00 NCMO 00000. 1.3 kbO full length NAG—1
cDNA(GenBank accession no. AF008393)[0 EcoR 10
Xno I00 0O DOOOO DOOOO OO0 NAG-10
00 00 D00 O 10 kbadO, 00O NCMOO O O
00 000 0000 000 0000 00000 NAG-1
000 0000 00 000000 O NCMO 0000
000D 000 00000 0D0O000.

NAG-10 00 00 000 OO0 NAG-1 0000 O
O0 00000 OO0 O 0000 0000 00000 O
OOooo®® 00 000 00000 NAG-1 0000
00000 000 doO0O0dOo stable cell lined OO
O 00O cell poolD OO0 OOO. 00 OO 0OOOO
0O 00D 0000 D00 D000 0000 000 oo.
0 00000 0000 0000 stable cell lineD 0O
00 selectiond 0000 NAG-10 0O0OO0O0O0O OO0
O 00000 o000 stable cell lined OO cell pool
0 0000.000 cellpooll OOODO OO0 00000
000 0000 NAG-10 00000 00 000 00
0O 0000 0000 000 000 000 0000 00
000 (inducible system)d 0000 NAG-1 000 0O
OO0 0O 00 0O0ODD 000000 NAG-1 00 00
0 D000 000 000 OO 000 000 00 00
O oogd.

000000 00 000 NCMOD NAG-10 00 O
00000, 5pld NCMOO 00000 0000 00
O0O0. 0 NCMO OO 00000 0000 00000
00000 NAG-1 000 00000 00000 0oo
0000 0 DO00.000 0000 00000 NAG-—
10 00000 000D 00 00-000 00®™0 O
OO0 00 00 0oo0 0O0000. 000 00 00
(SNU-216)0 00 NAG-10 urokinase—type plasmi-
nogen activator systemd 0000 OO OO0 0000
000000 00,0 0000 NAG-10 00000 O
000D 0000 000 000 o002 000 000
OO0 00 000 0000 OO0 000 00 000 O
0 NAG-1 000 00000 00 00000 0000
O oooo.
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O 00000 o0 oboooooo oooo oooo
00000 NAG-10 0000, 0 NAG-10 00 OO
o000 ooooobo. o000 o ooooo ooo oo
ooooooo oooo oooo oo ooooo oo
O 0000 0000 0000 oooobo oo oooo
0o 00 0000000 000 ooooo oo.

00 ooooooooono ooo- ooo- oboogo.

0 000 200300 0OO0O0O0O0 OOOO ODOOODO(2003—
01) 000 00O 00O0OO0.
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