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[CANCER RESEARCH 60, 36963700, July 15, 2000]

Advances in Brief

Human Mesothelioma Samples Overexpress Both Cyclooxygenase-2 (COX-2) and
Inducible Nitric Oxide Synthase (NOS2):In Vitro Antiproliferative Effects of a
COX-2 Inhibitor

Aizen Marrogi, Harvey |. Pass, Mohammed Khan, Linda J. Metheny-Barlow, Curtis C. Harris, and
Brenda I. Gerwin®

Laboratory of Human Carcinogenesis, National Cancer Institute, Bethesda, Maryland 20892 [A. M., M. K., L. J. M-B., C. C. H., B.I. G.], and Karmanos Cancer Institute, Wayne
State University, Thoracic Oncology Program, Detroit, Michigan 48201 [H. |. P.]

Abstract associated with an increased risk of cancer (6). Bothitro andin

vivo experiments have demonstrated that asbestos induces expression
of active NOS2 in rat alveolar macrophages and pleural mesothelial
plasias. In addition, cyclooxygenase inhibitors have been shown to have cells (7, 8). It has been shown that COX2 is induced by inflammatory

antineoplastic and prophylactic efficacy against human colon cancer and cytokines a’_‘q that cultured _human mesot.hellal cells contain cyclooxy-
in mouse models of this disease. Mesothelioma arises in a context ofd€Nase activity (9). Indeedn vitro experiments demonstrated that
asbestos exposure and chronic inflammation, which would be expected to Cyclooxygenase expression in mesothelial cells is increased by expo-
enhance the expression of these inducible enzymes. This study demonsSure to tumor necrosis facto- interleukin 13, or macrophage-
strates that both inducible enzymes were expressed in 30 human mesothe-conditioned medium (10). Recent data specifically demonstrate that
lioma tissues but were not detectable in nonreactive mesothelial tissues COX2 is induced in rat mesothelial cells during rat carrageenin-
from the same individuals. In contrast, areas of reactive mesothelial cells induced pleurisy (11).

stained positively for these enzymesn vitro exposure of human mesothe-  \jesothelioma has proved resistant to classical chemotherapeutic
lioma cell Ilnes_, to Fhe C_OX2 |_nh|b|tor, NS398, revealeq d_os_,e- and time- and radiation regimens (12). This property may be modeled by the
dependent antiproliferative activity, whereas the NOS2 inhibitor, 1400W, resistance demonstrated by mesothelioma cell lines to multiple induc-

had no detectable inhibitory effect. Surprisingly, nonmalignant human . . .
mesothelial isolates expressed both NOS2 and COXR vitro at the same ers of apoptosis (13) and to the increased resistance to asbestos-

level as mesothelioma cell lines but were less sensitive to NS398 inhibition.indl'lced apoptosis shown by mesothelial cell strains surviving asbes-
This finding indicates that these nonmalignant isolates may retain prop- t0S exposure (14). COX2 overexpression has been linked to resistance
erties of reactive mesothelial cells and suggests that targets in addition to t0 apoptotic signals and COX2-specific NSAIDs have been shown to
COX2 may be involved in the antiproliferative response of mesothelioma increase apoptosis (15-17). Furthermore, NSAIDs have been shown
cell lines. These results have clinical significance because of the selectivdo be useful as prophylactic agents for human colon cancer (18). It
activity of the drug coupled with the therapeutic resistance and poor \was, therefore, of interest to examine whether NOS2 and/or COX2
prognosis of mesothelioma. The findings presented here suggest thatmight be expressed differentially in mesothelioma as compared with
further preclinical stud|es_of these inhibitors in animal models of mesothe- mesothelial cells and whether inhibitors of these enzymes would be
lioma would be of great interest. . - . . -
antiproliferative for mesothelioma cell lines.
Introduction We report here that, in a study of 30 human mesothelioma samples
and uninvolved lung controls, both NOS2 and COX2 are overex-
The development of MMl is associated, in most cases, with gyressed in mesothelioma. Furthermore, the COX2-specific NSAID,
history of asbestos exposure (1). Accumulating reports of the preseRge398 but not the NOS2-specific, 1400W, demonstrated antiprolif-
of DNA encoding SV40 T antigen or of SV40 T antigen proteinsrative activityin vitro for human mesothelioma cell lines.
expression (reviewed in Ref. 2) suggest that the presence of this gene
may also be associated with mesothelioma. Although moleculdliaterials and Methods
mechanisms of asbestos tumorigenicity have not been elucidated

research has shown that asbestos exposure generates reactive OXh{I/angals

species and reactive nitrogen species and activates macrophages anidsue Samples.Samples from 30 patients (mean age, 58 years; range,
other cell types to produce these compounds as well as cytokines aad78 years) with histological and clinical diagnoses of MM were examined
growth factors (reviewed in Ref. 3). Furthermore, the deposition @fthis study. These samples were flash frozen in liquid nitrogen at surgery. All
insoluble amphibole fibers results in a chronic inflammatory state Rtients reported histories of asbestos exposure. Clinical staging at surgery
exposed individuals (4). revealed stage | (3), stage Il (7), and stage Il (20) disease according to the

The existence of inflammation has been associated with up_reqﬂgeria reported by Ruscht al. (19). Surgical treatments included pleurec-

lation of the inducible species of both NOS2 and COX2 (5) and ,8my’ tumor debulking, or extrapleural pneumonectomy. Un'nVOIVeq deep-
ung specimens were obtained at surgery. Survival history (29 of 30) includes

: 5 survivors (6—72 months postoperative; mean age, 32.6 years), 19 MM-
Received 3/22/00; accepted 5/25/00. related deaths, 3 deaths from operative or postoperative complications, and 2

The costs of publication of this article were defrayed in part by the payment of pa o . P
charges. This article must therefore be hereby maddertisemenin accordance with #aths from aspiration pneumonia within 2 months of surgery.

18 U.S.C. Section 1734 solely to indicate this fact. Cell Lines. The MM cell lines used in this study have been characterized
1To whom requests for reprints should be addressed, at Laboratory of Humpareviously and were cultured as described (20, 21). These lines were uniformly
Carcinogenesis, Building 37, Room 2C07, Bethesda, MD 20892. Phone: (301) 496-0438gative for SV40 T antigen by immunohistochemistry. Individual human

Fax: (301) 496-0497; E-mail: gerwinb@exchange.nih.gov. - . -
2The abbreviations used are: MM, malignant mesothelioma; NOS2, inducible nitrri.@esc’the“‘elI cell strains were obtained from noncancerous donors through a

oxide synthase; COX2, cyclooxygenase-2; NSAID, nonsteroidal anti-inflammatory drdgrotocol with the CHTN (Philadelphia, PA). Cells were cultured as reported
CHTN, Cooperative Human Tissue Network; FACS, fluorescence-activated cell sortgpreviously (14).
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Immunohistochemistry dishes by trypsinization and counted in a hemacytometer. When cells were

to be analyzed by FACS, cells from supernatant medium before trypsiniza-

Tissue sections (Am) from samples embedded in paraffin blocks were Clﬁonowere recovered by centrifugation and pooled with adherent cells before
and mounted on electrically charged glass slides. Sections were heated at:§07o| fixation and treatment with propidium iodide. FACS analysis was
for 45 min, deparaffinized in three changes of xylene, and fixed in adecreas'kpgrformed on a Becton Dickinson FACSCalibur instrument with data

et_hangl series (100 to 50%) for 5 min/solutiqn. Samp!e§ were treated _for é@quisition by the Cell Quest program. Analysis of cell cycle distribution
min with 3% H,O, to block endogenous peroxidase activity. Antigen retrlevq}\/as performed using the Modfit program

involved treatment with an antigen retrieval solution (BioGenex, San Ramon,

CA) in a microwave oven (140 joules) for 30 min. Tissue sections or 109

formalin-fixed cell lines were incubated overnight at 4°C in moist chambegesunS

with monoclonal antibodies to NOS2 (N32020) or COX2 (C22420; TranSd“Ftistology and Immunohistochemistry

tion Laboratories, Lexington, KY) at dilutions of 1:125 and 1:25, respectively.

Binding of the primary antibody was detected by incubation for 45 min at room Tumor Specimens. Table 1 presents summary results from immu-
temperature with biotinylated universal secondary antibody (1:200; VectaStgghistochemical ana|ysis of 30 MM Specimens and deep_|ung con-
ABC-AP kit; Vector Laboratories, Burlingame, CA), followed by incubationy,qs. Histologically, based on H&E (2) staining, tumor specimens
with streptavidin peroxidase as directed by the manufacturer. Chromogee'gmained 23 epithelial, 3 sarcomatoid, and 4 biphasic patterns. Con-
development was obtained by immersion in 3,3’- diaminobenzidine SOIUIi‘Eﬁ%I tissue displayed nérmal histology ;Nith no reactive or neoplastic

(0.25 mg/ml in 3% hydrogen peroxide). Slides were counterstained wi ; . o .
Harris’ hematoxylin, and coverslips were applied after the application anges involving the pleural lining in 26 of 30 samples. Among this

mounting medium. Restlts are reported as follows<@0% reactivity;+1, ~9roup, summarized in Table 1, adjacent pulmonary tissues showed
10-25%; +2, 25-50%;+3, 50-90%; and+4, >90% according to criteria acute hemorrhage in 3 specimens (nos. 2, 16, and 22), acute pneu-

established by the College of American Pathologists (22). moniain 1 specimen (no. 13), and foreign body reaction in 1 specimen
(no. 26). In the remaining 4 specimens, 3 displayed reactive mesothe-
NOS2 and COX2 Inhibitor Studies lial cells (nos. 4, 14, and 20) and 1 showed atypical mesothelial

hyperplasia with a likely focus of MM (no. 29). Additionally, 1

Ct_all I[nes were pIatqu atx 10* ceIIs/dish'in 60-mm _d[shes 1_day beforecontrol specimen with pulmonary hemorrhage displayed organizing
application of test medium. At day 1, medium containing various Conceﬁheumonia (no. 22). All specimens were stained with monoclonal
trations of inhibitor or an equivalent solvent blank was applied. Mediu : )

was changed every 2 days because of inhibitor instability. Inhibitors testggtlbpdles for the inducible e.n_zymes NOS2 and COX2. All tumor
were 1400W, a specific inhibitor of NOS2 (Ref. 23; Biomol ResearcfPECIMens were strongly positive for COX2 whereas 26 of 30 were

Laboratories, Plymouth Meeting, PA) shown to inhibit tumor groviih POSitive for NOS2 (Table 1; Fig.. 1). In addition to staining in .
vivo (24) and NS398, specific for COX2 (Ref. 25; Alexis Biochemicalsmesothelioma cells, mononuclear inflammatory cells were also posi-

San Diego, CA). At the appropriate time point, cells were removed frotive for both NOS2 and COX2. In contrast, both COX2 and NOS2

Table 1 Clinicopathologic and immunohistochemical characterization of MM tumors and control lung samples

Stage Histology NOS2 COX2 Histology NOS2 COX2
Case Sex Age (tumor) (tumor) (tumor) (tumor) (c-1y (C-1) (C-1)
1 M 67 n Biphasic +42 +2 Normal
2 M 53 n Epithelial +4 +3 HP
3 F 63 | Sarcomatoid +4 +2 Normal
4 M 68 Il Epithelial +4 +3 RMH® +3 +2
5 M 49 ] Epithelial +3 Normal
6 M 78 | Epithelial +4 +2 Normal
7 F 48 Il Epithelial +3 +4 Normal
8 F 45 | Epithelial +4 +3 Normal
9 M 45 1] Epithelial +4 +2 Normal
10 M 69 mn Biphasic +4 +2 Normal
11 M 30 1] Epithelial +2 Normal
12 F 58 ] Epithelial +4 +4 Normal
13 M 50 mn Epithelial +4 +4 Acute P
14 M 52 1l Epithelial +4 +4 RMH® +2 +3
15 M 59 1] Epithelial +4 +3 Normal
16 M 63 1] Epithelial +2 +3 HP
17 F 52 1] Epithelial +4 +2 Normal
18 M 63 Il Epithelial +4 +4 Normal
19 M 62 n Epithelial +2 Normal
20 M 72 1l Epithelial +2 +4 RMH +2
21 M 68 ] Epithelial +3 +4 Normal
22 F 42 | Epithelial +4 Hb/OPIF
23 M 65 1] Epithelial +4 +4 Normal
24 M 60 ] Epithelial +4 +4 Normal
25 M 65 n Biphasic +4 +4 Normal
26 M 62 Il Epithelial +4 +4 FB Rxrl
27 F 46 n Sarcomatoid +4 +4 Normal
28 M 61 n Epithelial +4 +2 Normal
29 M 76 1l Biphasic +4 +2 ATMH/MM ¢ +2 +4
30 M 59 n Sarcomatoid +4 +2 Normal

2Number scores were assigned according to criteria established by the College of American Pathologists as described in “Materials and Methods.”
bH, hemorrhage.

°RMH, reactive mesothelial hyperplasia.

9Pn, pneumonia.

€OPn, organizing pneumonia.

fFB Rxn, foreign body reaction.

9 ATMH/MM, atypical mesothelial hyperplasia/malignant mesothelioma.

nC-1, control lung sample.
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Fig. 1. COX2 and NOS2 expression in MM, control lung
samples, reactive mesothelial hyperplasia, and in human
mesothelial cell strains and human mesothelioma cell lines. A% -
paraffin-embedded biphasic mesothelioma specimen as seen#
on H&E (A) was stained as described in “Materials and
Methods” with anti-COX2 (B) and anti-NOS2 (CArrow-
headsindicate cytoplasmic reactivity with the respective an-
tibodies. X250. A sample of tissues from a nonneoplastic »
control lung pleural surface from the patient (A—C) is shown.

D, H&E staining demonstrates a normal mesothelial lining.
Staining with anti-COX2 (E) and anti-NOS2 (F) was nega-
tive. X275. An example of immunohistochemical staining of
areas of reactive mesothelial hyperplasia found in control
specimens is showi, H&E revealed an area of hyperplasia
with reactive mesothelial cells, which revealed immunoreac-
tivity to anti-COX2 (H) and anti-NOS2 (1)x250. A human
mesothelial cell strain (dndL; 10141) and a mesothelioma
cell line (K and M; M33K) show positive staining with
antibodies to COX2 (&ndK) and NOS2 (Land M). As in
tumor specimens, staining was cytoplasmic and grandlar.
xX195; K, X250;L, X265;M, x230.

were undetectable in normal mesothelial cells in the control tissue (&@ains in culture, cells grown on slides were fixed and stained with
of 30). Specimens (nos. 4, 14, 20, and 29), which contained reactthe monoclonal antibodies used for tumor samples. Eight human
mesothelial cells or atypical mesothelial hyperplasia showed mesotheesothelioma cell lines (Vamt-1, M9K, M10K, M14K, M25K,
lial cells positive for NOS2 in all cases and for COX2 in 3 cases (noBI128K, and M33K) and four cultures derived from nonmalignant
4, 14, and 29). pleural fluids (CHTN 11027,11032, 11039, and 10141) were
Fig. 1 presents representative examples of material from Talésted. Representative areas of slides from a mesothelial cell strain
1. Panels show H&E, COX2, and NOS2 staining, respectively, {frig. 1,J andL) and a MM cell line (Fig. 1K andM) are shown
MM (A—C) and a control sampledD&F) from an individual with a in Fig. 1. Although only MM cell lines were expected to be
biphasic MM containing both epithelial and spindeloid cells. Thpositive, all 12 cultures showed some expression of both COX2
pattern of reactivity displayed by both COX2 and NOS2 waand NOS2. Cell strain 10141 was tested as a third passage after 6
granular and cytoplasmi@(rowheadsB andC). Mesothelial cells months of cryopreservation but was not distinguishable from the
in control tissue (pare negative for both COX2 {Eand NOS2 (|f  other three strains with respect to staining for NOS2 and COX2.
staining (arrowheads). Mesothelial cells in an area of reactivEhe levels of COX2 detected by immunohistochemistry in both
mesothelial hyperplasia3) stained positively for COX2H) and mesothelioma cell lines and human individual cell strains were not
NOS2 (). Nonhyperplastic regions were negative for staining bgletectable by Western blotting, which detected 50 ng of an ovine
either antibody. COX2 standard. Interestingly, the pathology reports received on all
Cultured Cells. To evaluate the expression of COX2 and NOS#our primary pleural fluid specimens indicated that “reactive me-
in human mesothelioma cell lines and human mesothelial cslbthelial cells” were present in the fluids. Thus, the nonmalignant
3698
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Table 2 NS398 inhibition of mesothelial cells and mesothelioma cell fines

Cell Cell type Solvent blank 100 um NS398 % inhibition
CHTN 18650 Primary 8.7x 10%(=1.0) 755+ 10% (x1.3) 13
VAMT-1 MM 2.53% 10° (+0.36) 7.53x 10° (=0.45) 70
M10K MM 6.26x 10*(=3.0) 2.95% 10%(£2.9) 53
M14K MM 1.67+ 10° (+2.0) 6.91x 10° (+2.8) 59
M33K MM 1.33+ 10°(+0.13) 5.0 10°(+0.52) 63

aCells were seeded in triplicate at5 10* cells/60-mm dish and treated with 1& NS398 as described in “Materials and Methods.” At 6 days, all dishes were trypsinized, and
viable cells were counted. Data show the average cell numb8b.

mesothelial cells, which proliferated in culture, may representrot show expression of the inducible enzymes. Perhaps exposure to

hyperplastic state cited as “reactive” by the pathologist. inducers is sensitive to concentration gradients and remains a
Effects of COX2 and NOS?2 Inhibitors. Effects of both COX2 and localized phenomenon. In this regard, examinationirofvitro

NOS?2 inhibitors on human mesothelioma cell lines and mesothelial getbpagated individual human mesothelial isolates and human me-

strains were evaluated. The mesothelioma cell lines tested expressstielioma cell lines also showed expression of these enzymes

wild-type p53 with the exception of the p53 null VAMT-1 cell line (20).(Fig. 1). This finding suggests that the individual isolates represent
Table 2 shows the results obtained with 10@ NS398, a COX2 a cell similar to that seen in the reactive mesothelial hyperpiasia

specific inhibitor (25). Interestingly, the MM cell lines are more severelyivo (Fig. 1), or alternatively, that the optimized growth conditions

inhibited than the mesothelial cell strain. However, immunohistochemsed forin vitro propagation (30) are sufficient to induce expres-

istry did not reveal differences in COX2 expression among these cdisn of NOS2 and COX2 in human mesothelial cells.

(Fig. 1). Because the mesothelial cell strain was expected to display 8ecause mesothelioma remains a tumor type that is resistant to

slower growth rate than MM cell lines, M10K, a slow-growing MM line,

was included in this analysis. The MM cell line was 4-fold more severely

inhibited than the mesothelial cell strain. In a parallel experiment using 50 o o

umM 1400W, a NOS2-specific inhibitor (23) on all cell lines, no inhibition @Z\O

was detected at 6 days of treatment (data not shown).

The dose responsiveness and time dependence of NS398 inhibitior g 100 O:CH3
were next examined using the VAMT-1 human MM cell line. The same g 80 NS 398
cell line was tested in parallel with concentrations of 1400W from 0.1 to O 4o 3
100um. The percentage of control growth shown by samples treated with S 40 'y
1400W ranged from 81 to 103%, and treatment did not produce a o 20 *
significant effect. At 100um, the cell number was 90% of the solvent 0 , , . . . ,
control. Results for NS398 are shown in Fig. 2. The inhibition shows a 0O 50 60 80 100 120 150
clear dose dependence with an,jf 87 um (Fig. 2A). This dose was NS 398 uM
used in the time course shown in Fig. @Bvhich the effect of NS398 on B
VAMT-1 cells was compared with its effect on an individual human
mesothelial isolate (CHTN 18833) different from that shown in Table 2. o 100
Consistent with earlier results, the MM cell line was inhibited to a greater -oE 80
extent than the individual human mesothelial strain. o

Because it has been reported that treatment with COX2 inhibitors can o 60
induce apoptosis (26), we used FACS analysis of propidium iodide- © 40
stained cells to examine VAMT-1 cells treated for 6 days atu8b 2 20
NS398 for the presence of an apoptotic cell peak and for cell cycle
distribution parameters. Table 3 shows the results of this analysis in 0 ! ' ' !
comparison with cells treated with a solvent control. No sylfr&ction 0 2 4_ 6 8
of apoptotic cells was detected in either sample (data not shown). Treatec Days in Culture

F:e||S Shqwed a clear reduction in the S-phase fraction and a Iarge 'r?crea%. 2. Antiproliferative effects of NS398. The chemical structure of NS398 is shown
in cells in the G-M phase of the cell cycle. These results are consistestiove the dose and time dependence datedose dependence of NS398 inhibition.

with the antiproliferative effect of NS398 demonstrated earlier and suMT-1 cells were exposed to varying doses of NS398 or solvent control for 6 days.
edia were changed on days 2 and 4. On day 6, cells were trypsinized and counted, and

gest that this effect is not mediated by increased apoptosis. data represent the relation of NS398 treated to solvent control cell nuBbéime
dependence of NS398 inhibition. VAMT-1 (®) or a human mesothelial cell strain ()
Discussion were exposed to 87um NS398 or solvent control for the indicated times with media

changes every 2 days. Cells were trypsinized and counted Aas in
The data presented here demonstrate that cells in mesothelioma

tissue, as opposed to normal mesothelial linings, express detectable Table 3 Effect of NS398 on cell cycle distributfon

levels of the inducible enzymes, NOS2 and COX2. Both spindeloid GG, S GyM
and epithelial forms of mesothelioma as well as regions of reactive soent blank Average (m 6) 57.56 23.40 19.04
mesothelial hyperplasia expressed these enzymes (Table 1; Fig. 1). SD 1.25 2.08 2.34

It has been shown that NOS2 is induced in rat mesothelial cells by NS3% Average (n=6) °>38 o8 qo%
expg_sure to asbestos in the presence of mterleulﬁn(&)._ In . 2VAMT-1 cells were exposed to 8m NS398 or a solvent control for 6 days and
addition, asbestos exposure has been shown to lead to activatioRs@fested for analysis of apoptotic fraction and cell cycle distribution parameters as

nuclear factorkB and activator protein-1 transcription factors (27)described in “Materials and Methods.” Collected cells were fixed in 70% EtOH and
hich h b . licated in COX2 . 28 29). It {reated with propidium iodide. Analyses were performed on a Becton Dickinson FACS-
whnic ave been implicated In expression ( ' ) ISalibur instrument with data collection by the Cell Quest program. Analysis of cell cycle

interesting that the areas containing normal mesothelial cells digtribution parameters was performed using the ModFit program.
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therapy (12), it was of interest to test both COX2- and NOS2-specifit. Tanaka, S., Choe, N., Hemenway, D. R., Zhu, S., Matalon, S., and Kagan, E. Asbestos
PRI : : . ; inhalation induces reactive nitrogen species and nitrotyrosine formation in the lungs
|_nh|b|tors fc_)r antiproliferative effect_s on human r_nesothelloma_ cell g pleura of the rat. J. Clin. Investid02- 445454, 1998,

lines. Cell lines tested expressed wild-type p53 with the exception @&f choe, N., Tanaka, S., and Kagan, E. Asbestos fibers and interleukin-1 upregulate the

the p53 null VAMT-1 and were negative for expression of SV40T formation of reactive nitrogen species in rat pleural mesothelial cells. Am. J Respir.

s . Cell Mol. Biol., 19: 226-236, 1998.
(20)- The NOS2 inhibitor, 1400W, was without effect on Ce”u'arg. Baer, A. N., and Green, F. A. Cyclooxygenase activity of cultured human mesothelial

proliferation. In contrast, NS398, a COX2-specific inhibitor, proved cells. Prostaglanding6: 37—49, 1993.

: B ; H i H . Topley, N., Petersen, M. M., Mackenzie, R., Neubauer, A., Stylianou, E., Kaever, V.,
to be antiproliferative for mesothelioma cell lines. Interestingly, th& Davies, M., Coles, G. A.. Jorres, A.. and Willams, 3. . Human peritoneal mesothe.

p53 null cell line, VAMT-1, was most inhibited (Table 2), suggesting jial cell prostaglandin synthesis: induction of cyclooxygenase mRNA by peritoneal

that p53-mediated antiproliferative effects are not critical for NS398 macrontage-derived cytokines. Kidney Imt6: 900-909, 1994. §
TR T s . Hatanaka, K., Kawamura, M., Ogino, M., Saito, M., Ogino, K., Matsuo, S., an
!nh!b!tlon' Although individual human mesothelial 'S_O|ates W‘?re alsjol Harada, Y. Expression and function of cyclooxygenase-2 in mesothelial cells
inhibited, the effect was much weaker (Table 2; Fig. 2). This result during late phase of rat carrageenin-induced pleurisy. Life %&:, PL161—
was surprising in view of the finding that mesothelial isolates could PL166. 1999.

. . . . . . .12, Pass, H. |, Robinson, B. W., Testa, J. R., and Carbone, M. Emerging translational
not be distinguished from mesothelioma cell lines by immunostaining’ therapies for mesothelioma. Chest6: 4555—460S, 1999.

for COX2 (Fig. 1). In addition, FACS analysis of cell cycle paramet3. Narasimhan, S. R., Yang, L., Gerwin, B. |., and Broaddus, V. C. Resistance of pleural
: : f mesothelioma cell lines to apoptosis: relation to expression of Bcl-2 and bax. Am. J.

ters revgaled that mesothelioma cells treated with N8398 did not ShOWPhysioI.,275: L165-1171, 1998,

apoptosis but revealed a decreased S-phase fraction and an increage iu, L., Flynn, B. J., Ungar, S., Pass, H. ., Linnainmaa, K., Mattson, K., and Gerwin, B. 1.

the G,-M fraction (Table 3). This result contrasts with a report that Asbestos induction of extended lifespan in normal human mesothelial cells: interindi-

. .. | lls ind d | fvidual susceptibility and SV40 T antigen. Carcinogenesis (Lo20:)773—783, 1999.
NS398 increases apoptosis in colon cancer cells independent Y19TLiu, X. H., Yao, S., Kirschenbaum, A., and Levine, A. C. NS398, a selective

COX expression but does not alter cell cycle parameters (31). It is cyclooxygenase-2 inhibitor, induces apoptosis and down-regulates bcl-2 expression in

; B ; f LNCaP cells. Cancer Re$8: 4245-4249, 1998.
“kew that the mechanisms and cellular targets involved in NSA||-1)6. Shiff, S. J., Koutsos, M. 1., Qiao, L., and Rigas, B. Nonsteroidal antiinflammatory

action will differ in varying cancer progenitor cell types. drugs inhibit the proliferation of colon adenocarcinoma cells: effects on cell cycle and
These data suggest that inhibition of COX2 does not account for all of apoptosis. Exp. Cell Res222: 179-188, 1996.

. . . s . 17. DuBois, R. N., Shao, J., Tsujii, M., Sheng, H., and Beauchamp, R. D. G1 delay in cells
the a_lntlprollferatlvg activity that NSSQS demanFrat?S for meSOthell_Or}]a overexpressing prostaglandin endoperoxide synthase-2. Cances@&83-737, 1996.
cell lines and are in agreement with reports indicating that the antin@s- Thun, M. J., Peto, R., Lopez, A. D., Monaco, J. H., Henley, S. J., Heath, C. W., Jr.,
plastic effects of NSAIDs are not solely attributable to inhibition of Zgglzo[”syei- gﬁ:’rfg‘:ﬂig}f‘sﬁmg'gln ?”& g;’af;?"ltg gsmggg:"ggge{aged and elderly U. S.
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