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NO-donating aspirin inhibits the growth of leukemic Jurkat cells
and modulates b-catenin expression
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Abstract

b-Catenin has been implicated in leukemic cell proliferation. We compared the effects of aspirin (ASA) and the ortho, meta, and
para positional isomers of NO-donating aspirin (NO-ASA) on cell growth and b-catenin expression in human Jurkat T leukemic
cells. Cell growth inhibition was strong: IC50 for p-, o-, and m- were 20 ± 1.6 (mean ± SEM), 15 ± 1.5, and 200 ± 12 lM, respec-
tively, in contrast to that of ASA (3200 ± 375 lM). The para isomer of NO-ASA degraded b-catenin in a dose- and time-dependent
manner coinciding with increasing expression of activated caspase-3. The caspase inhibitor ZVAD blocked b-catenin cleavage by p-
NO-ASA and partially reversed cell growth inhibition by p-NO-ASA but not that by ASA. A denitrated analog of p-NO-ASA did
not degrade b-catenin indicating the importance of the NO-donating moiety. Our findings suggest that NO-ASA merits further
study as an agent against leukemia.
� 2004 Elsevier Inc. All rights reserved.
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Leukemia is the most common form of cancer in
children and acute lymphoblastic leukemia (ALL) is
the primary cause of cancer-related mortality in chil-
dren. Developing novel therapeutic approaches is an
important goal and insights into the mechanism of leu-
kemia cell proliferation should contribute towards the
rational design of effective treatments. The deregulation
of the Wnt signaling cascade and its components has
been implicated in T cell ALL as well as in B cell
chronic lymphocytic leukemia (CLL) [1,2]. The protein
b-catenin is a central player of the Wnt signaling path-
way that regulates cell–cell adhesion and may promote
leukemia cell proliferation [1]. The stabilization and
accumulation of b-catenin has a powerful regulatory
role in proliferation and differentiation [3,4]. b-Catenin
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is expressed in T-ALL cells, tumor lines of hematopoi-
etic origin, and primary leukemia cells but is undetect-
able in normal peripheral blood T cells. Among the
leukemic cell lines, b-catenin is expressed in high levels
in Jurkat T cells [1,5]. Currently, the role of b-catenin
and its regulation in non-adherent cells are not very
clear.

Nitric oxide-donating non-steroidal anti-inflamma-
tory drugs (NO-NSAIDs) represent a novel and prom-
ising class of cancer chemopreventive compounds.
They consist of a traditional NSAID to which a group
donating NO has been covalently attached via an aro-
matic or aliphatic spacer. Emerging data indicate that
these compounds combine the chemopreventive prop-
erties of traditional NSAIDs against cancer with en-
hanced safety, efficacy, and potency [6–8]. Nitric
oxide-donating aspirin (NO-ASA, which is a tradi-
tional ASA molecule bound covalently to –ONO2 via
an aromatic spacer) may be effective in colon cancer
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chemoprevention. NO-ASA has been demonstrated to
have enhanced potency compared to traditional ASA;
and more recently its strong chemopreventive and ther-
apeutic effect in animal models of gastrointestinal can-
cer has been shown [9,10].

NO-NSAIDs, including NO-ASA, affect profoundly
cancer cell renewal and death [11]. We have demon-
strated that NO-ASA inhibits the growth of colorectal
cancer cells and other cancer cell lines far more po-
tently than ASA [6]. NO-ASA modulates the b-cate-
nin/TCF pathway in human colorectal cancer cell
lines by disrupting the interaction of b-catenin and
TCF-4 in the nucleus [12,13]. Chemopreventive agents
such as traditional NSAIDs and curcumin downregu-
late b-catenin/TCF signaling. In this study, we ex-
plored the effects of NO-ASA in non-adherent cells
such as the human Jurkat T-acute lymphoblastic leuke-
mia cells, which are known to express high levels of
b-catenin. We examined the effect of NO-ASA on the
growth of these cells and on the fate of b-catenin
expression, and also examined which part of the NO-
ASA molecule likely causes the differential effect that
we observed.
Materials and methods

Reagents and cell culture. NO-ASA, para isomer (NCX4040): 2-
((acetyloxy)benzoic acid 4-(nitrooxy methyl)phenyl ester); the ortho

isomer (NCX 4060): 2-((acetyloxy)benzoic acid 2-(nitrooxy
methyl)phenyl ester); and meta isomer (NCX 4016): 2-((acetyl-
oxy)benzoic acid 3-(nitrooxy methyl)phenyl ester) were obtained from
Nicox, SA, France. ASA was obtained from Sigma. Stock solutions
(100 mM) were made in DMSO; final DMSO concentration was ad-
justed in all media to 1%. Jurkat cells (ATCC TIB-152, Manassas, VA)
were grown per ATCC instructions. The inhibitors z-VAD-fmk
(ZVAD), z-IETD-fmk (caspase-8 inhibitor), and z-LEHD-fmk (cas-
pase-9 inhibitor) were obtained from Calbiochem and used according
to the manufacturer�s instructions.

Cell growth inhibition assay. The growth inhibitory effect of NO-
ASA on Jurkat T cells was measured using a colorimetric MTT
assay kit (Roche). Briefly, cells were plated in 96-well plates at a
density of 13.7 · 103 cells/well and, following overnight incubation,
NO-ASA was added to the culture medium. Viable cells were
quantified with MTT substrate according to the manufacturer�s
instructions. Growth inhibition was expressed as percentage of the
corresponding control.

Western blot analysis. After treatment with test drug, cells were
harvested and lysed in buffer containing 50 mM Tris–HCl buffer (pH
7.5) containing 150 mM NaCl, 1 mM EDTA, and 0.5% IGEPAL,
10% glycerol in the presence of proteinase inhibitors. Proteins were
fractionated by SDS–PAGE and transferred to Immobilon P mem-
brane. Primary mouse monoclonal antibodies were against the
following at the dilutions indicated: b-catenin, 1:1000 (BD-Trans-
duction Laboratories); and a-actin, 1:1000 (Santa Cruz Biotechnol-
ogy), caspase-3, 1:500 (Sigma). Secondary antibodies conjugated to
horseradish peroxidase (1:4000) were from Sigma. Immunoreactive
protein was detected using ECL chemiluminescence (Amersham).

Statistics. Data are presented as means ± SEM for at least three
different sets of plates and treatment groups. Statistical comparison
among the groups was performed using a one-way analysis of variance
followed by the least significant difference method.
Results

NO-donating aspirin strongly inhibits growth of human

leukemic of Jurkat cell line

We examined the effect of NO-ASA on Jurkat T cell
growth. NO-ASA strongly inhibits cell growth as mea-
sured by MTT assay in these cells in a concentration-de-
pendent manner. Compared to ASA, all three isomers of
NO-ASA inhibited cell growth strongly; the IC50 of
p-NO-ASA for cell growth inhibition at 24 h is
20 ± 1.6 lM [this and all subsequent values are means ±
SEM] in contrast to that of ASA, which is
3200 ± 375 lM. The IC50s for ortho and meta NO-
ASA isomers were 15 ± 1.5 and 200 ± 12 lM, respec-
tively (Fig. 1). Thus, all three positional isomers are more
potent growth inhibitors of human leukemic Jurkat cell
line than traditional ASA. Based on the IC50s for cell
growth inhibition, showing the p- and o-isomers to be
very similar, we concentrated our studies in comparing
the p- and m-isomers to the parent compound, ASA.

The para isomer of NO-ASA degrades b-catenin

We examined whether NO-ASA can affect the expres-
sion levels of b-catenin which is present in large amounts
in these cells, thus facilitating such a study. Growing Jur-
kat cells were treated with p-NO-ASA, ASA, or vehicle at
the concentrations shown in Figs. 2A and B, for 24 h fol-
lowed by protein extraction and detection of b-catenin by
immunoblotting. The para isomer of NO-ASA degraded
b-catenin in a concentration-dependent manner between
0 and 20 lM; the b-catenin levels were drastically reduced
at 50 lM NO-ASA, a concentration much higher than
the IC50 for cell growth (Fig. 2A). Various concentrations
of ASA up to 5 mMhad no effect on b-catenin levels (Fig.
2B). Similarly,m-NO-ASA up to 300 lMhad no effect on
b-catenin levels (data not shown). Fig. 2C compares the
exact fate of b-catenin at the IC50 values for all three com-
pounds, p-NO-ASA (20 lM), m-NO-ASA (200 lM) or
ASA (3.2 mM) for 24 h. In all these studies, only p-NO-
ASA (20 lM) degraded b-catenin to a smaller size frag-
ment which migrated faster at approximately 85 kDa
and was recognized by the antibody. This phenomenon
can also be seen in Fig. 2A in a concentration-dependent
manner. There was no major change in the levels of a-ac-
tin at these concentrations. A time course study of the
cleavage of b-catenin by p-NO-ASA at 20 lM showed
that it occurred as early as 3 h and became quite promi-
nent at 18 h (Fig. 2D).

The –ONO2 group of p-NO-ASA is critical for the

cleavage of b-catenin

Pharmacologically, the –ONO2 moiety is considered
pivotal for the novel properties of NO-ASA when



Fig. 1. Effect of positional isomers of NO-ASA and ASA on Jurkat T cell growth. Cells were treated with indicated concentrations of p-, m-, o-NO-
ASA or ASA for 24 h and assayed for growth as described in Materials and methods. Values represent means ± SEM of three representative
experiments performed in triplicate.
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compared to those of ASA and our previous studies
have underscored its importance [6,12]. We investigated
the contribution of the key structural components of the
NO-ASA molecule to the cleavage of b-catenin. We used
two structural analogs of p-NO-ASA, one in which the –
ONO2 group had been replaced by an –OH group
(denitrated analog) and another in which the CH3COO–
was replaced by an –OH (deacetylated analog). The
CH3COO– group is the critical part of ASA for inactiva-
tion of COX.

Jurkat cells were treated for 24 h with equimolar con-
centrations (20 lM) of p-NO-ASA or its denitrated, or
the deacetylated analogs. In contrast to p-NO-ASA, the
denitrated analog was unable to degrade b-catenin and
there were no changes in the b-catenin levels in compari-
son to vehicle control (Fig. 2E). The deacetylated
derivative was capable of cleaving b-catenin similar to
p-NO-ASA. This strongly suggests that the CH3COO–
groupdoes not appear to have a role in cleavingb-catenin.
The levels of a-actin protein were constant. Thus, –ONO2

may contribute significantly to b-catenin cleavage.

p-NO-ASA-induced cleavage of b-catenin is caspase-

dependent

To determine whether caspases play a role in the cleav-
age of b-catenin by p-NO-ASA in Jurkat cells, we studied
the effect of a pan-caspase inhibitor z-VAD-FMK



Fig. 2. The para isomer of NO-ASA degrades b-catenin and the –ONO2 moiety is critical for this effect. Jurkat cells treated with increasing
concentrations of p-NO-ASA for 24 h were analyzed for total b-catenin expression by immunoblot of lysates. (A) Concentration-dependent
degradation of b-catenin, Db-catenin representing a cleaved form of the protein; increasing concentrations of ASA had no effect on total b-catenin
levels (B). Cells treated with ASA, p-, or m-NO-ASA at the respective IC50 for growth were compared for cleavage of b-catenin (C). Time-dependent
cleavage of b-catenin was observed by 20 lM p-NO-ASA (D). The levels of b-catenin were examined by treatment of cells with p-NO-ASA and
corresponding structural analogs (denitrated or deacetylated analog, 20 lM each) or ASA (3.2 mM). Blots were reprobed for a-actin (E).
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(ZVAD). Jurkat cells were pretreated for 30 min with
100 lM ZVAD followed by addition of p-NO-ASA
(20 lM) for 24 h. Immunoblotting for b-catenin revealed
that ZVAD can completely block its degradation (Fig.
3A, lanes 2 and 4). ZVAD was also capable of blocking
b-catenin degradation by the deacetylated derivative
(Fig. 3B). The initiator caspases, caspase-8 and caspase-
9, are known to be Fas receptor-mediated and mitochon-
dria-mediated, respectively. Either of these caspases can
activate the downstream effector caspase-3. The inhibi-
tors z-IETD-fmk (caspase-8 inhibitor) or z-LEHD-fmk
(caspase-9 inhibitor), 30 lM each, were able to block p-
NO-ASA associated degradation of b-catenin (Fig. 3C).
An examination of the time course for caspase activation
using an anti-caspase-3 antibody, which recognizes both
the procaspase-3 and the activated caspase-3, showed
that at 3 h, p-NO-ASA induced the activated form of cas-
pase-3 (Fig. 3D). This time point is also in coherence with
the appearance of cleaved b-catenin fragments.

Growth inhibition by p-NO-ASA is reversed by ZVAD

p-NO-ASA and ASA both inhibit the growth of Jur-
kat cells, yet their molecular targets appear to be differ-
ent. Caspase activation may be a key feature of p-NO-
ASA unlike ASA. We examined whether blocking cas-
pase activation could indeed block the inhibition of
growth that we observed at the IC50 concentrations of
p-NO-ASA or ASA. Jurkat cells were pretreated with
ZVAD (100 lM) for 30 min followed by p-NO-ASA
(20 lM) or ASA (3.2 mM) or vehicle (control) for
24 h. Growth inhibition was measured by the MTT as-
say. Whereas cells were approximately 50% growth
inhibited in the absence of ZVAD, this inhibition was
partially reversed by ZVAD for p-NO-ASA but not
for ASA (Fig. 4). This effect was also concentration-de-
pendent, since 50 lM ZVAD also partially reversed the
inhibitory effects of p-NO-ASA but to a lesser extent
(data not shown). The inhibitory effect of ASA
(3.2 mM) was only marginally reversed by 100 lM
ZVAD (Fig. 4).
Discussion

These studies highlight three significant points with
respect to the mechanism of action of NO-ASA that
merit deeper insight. First, the previously reported



Fig. 3. p-NO-ASA mediated cleavage of b-catenin is reversed by ZVAD. Jurkat cells were pretreated with 100 lM ZVAD-FMK for 30 min or
untreated followed by addition of 20 lM p-NO-ASA or 200 lM m-NO-ASA (A) or 20 lM deacetylated analog of p-NO-ASA (B) for 24 h; b-catenin
levels were detected by blotting. Pretreatment with caspase-8 inhibitor or caspase-9 inhibitor (50 lM) blocked p-NO-ASA mediated cleavage of
b-catenin (C) shown in lanes 5 and 6, respectively. Procaspase-3 and activated caspase-3 were detected by immunoblotting in a time course study with
20 lM p-NO-ASA (D).

Fig. 4. p-NO-ASA mediated cell growth inhibition is reversed by
ZVAD. Jurkat cells, pretreated with 100 lM ZVAD-FMK for 30 min
or untreated, were followed by either 20 lM p-NO-ASA or 3.2 mM
ASA (respective IC50 concentrations) and subsequently analyzed for
growth as described in Materials and methods. Values represent
means ± SEM of three representative experiments performed in
triplicate. *P < 0.05 and �P > 0.05 compared to absence of ZVAD.
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radically different potency between traditional ASA and
NO-ASA is given more credence by our findings. p-NO-
ASA is approximately 160- to 180-fold more potent than
ASA in inhibiting the growth of Jurkat cells. Second,
cleavage of b-catenin seems to be an important mecha-
nism by which NO-ASA exerts its effect on Jurkat cells;
however, there are distinct mechanistic differences be-
tween positional isomers of NO-ASA regarding the deg-
radation of b-catenin. Third, the importance of the –
ONO2 moiety is underscored by our structure–activity
relationship study.

That NO-ASA is dramatically more potent than tra-
ditional ASA in inhibiting the growth of cancer cells is
consistent with our previous findings on cells from solid
tumors [10]. For example, NO-ASA displayed the same
property in a variety of human cancer cell lines (e.g., co-
lon, pancreas, prostate, etc.) and was approximately be-
tween 1000- and 5000-fold more potent than traditional
ASA in inhibiting the growth of colon cancer cells [6].
That a similar effect is shown in leukemic cells further
strengthens the conclusion that this is likely a universal
property of NO-ASA [14,15].

Second, cleavage of b-catenin is likely an important
mechanism by which NO-ASA exerts its effect on cancer



98 N. Nath et al. / Biochemical and Biophysical Research Communications 326 (2005) 93–99
cells. That this effect is biologically relevant is under-
scored by the fact that a caspase inhibitor reversed the
growth inhibitory effect of p-NO-ASA. Our data indi-
cate that p-NO-SA (20 lM) activates caspase-3 while
the meta isomer does not have this effect. This finding
is in excellent agreement with a recent report showing
that the ortho isomer of NO-ASA increased caspase-3
expression in prostate cancer epithelial cell lines and in
primary cultures of prostatic stroma [16]. Thus, it ap-
pears that caspase-3 activation is an effect shared by
para and ortho isomers of NO-ASA but not by the meta

isomer. In this as in other studies, there is a clear differ-
ence between the biological activity of o- and p-NO-
ASA on the one hand and the m-NO-ASA on the other
[12]. Our data confirm this difference.

The two positional isomers modulate b-catenin
expression differently: the para isomer degrades b-cate-
nin in a time- and concentration-dependent fashion,
whereas the meta isomer does not. The interesting find-
ing is that both inhibit the growth of Jurkat T cells. In
our study, at their IC50 concentrations, 20 lM for
p-NO-ASA and 200 lM for m-NO-ASA, they inhibited
cell growth (each by 50%, and cells were still viable as
observed by trypan blue staining—data not shown)
but b-catenin was cleaved only by p-NO-ASA. It is con-
ceivable that cleavage of b-catenin may not be required
for cell growth inhibition. Instead, cell growth inhibi-
tion through the Wnt pathway may occur through dis-
ruption of the interaction of b-catenin and TCF-4 in the
nucleus, a mechanism that we have described for colon
cancer cells [12]. If this is the case, b-catenin cleavage
may play an accessory role potentiating cell growth
inhibition, and this could explain the higher potency
of p-NO-ASA compared to m-NO-ASA.

Caspase-3-mediated cleavage of b-catenin is not un-
ique to NO-ASA and has been described for other che-
mopreventive agents. For example, in human colon
cancer lines curcumin induced a strong cleavage pattern
consisting of several lower molecular weight fragments
of b-catenin. The sequence of events that included acti-
vation of caspase-3 followed by cell death was thought
to explain the cell growth inhibitory effect of curcumin
[17]. Cleavage of b-catenin by caspase-3 activation has
been described with NSAIDs such as indomethacin, sul-
indac, and aspirin [18,19].

Finally, the NO-donating moiety of p-NO-ASA is
critical for the observed effects. This is shown clearly
by our structure–activity relationship study in which
the denitrated derivative failed to cleave b-catenin. In
contrast, the deacetylated analog of NO-ASA had an ef-
fect on b-catenin very similar to that of p-NO-ASA.
These findings are consistent with other observations
on the biological activity of these two analogs of NO-
ASA [12].

In conclusion, NO-ASA is a potent inhibitor of the
growth of Jurkat T cells suggesting its therapeutic po-
tential in leukemias. Mechanistically, our studies indi-
cate that NO-ASA inhibits the growth of Jurkat T
cells, at least in part, by activating caspase-3, which in
turn degrades b-catenin leading ultimately to cell growth
inhibition. This mechanism is restricted to the p-isomer
of NO-ASA, whereas the less potent m-isomer employs
a different and as yet not fully clarified mechanism. Our
findings also underline the dramatic pharmacological
differences between NO-ASA and traditional ASA. Both
the intriguing mechanistic questions raised by our data
and the potential for a therapeutic application to leuke-
mias of this novel class of compounds merit further
evaluation.
Acknowledgments

This work was supported in part by the NIH Grant
R01 CA92423 and PSC-CUNY Grant 65201-00 34.
References

[1] E.J. Chung, S.G. Hwang, P. Nguyen, S. Lee, J.S. Kim, J.W.
Kim, P.A. Henkart, D.P. Bottaro, L. Soon, P. Bonvini, S.J. Lee,
J.E. Karp, H.J. Oh, J.S. Rubin, J.B. Trepel, Regulation of
leukemic cell adhesion, proliferation, and survival by b-catenin,
Blood 100 (2002) 982–990.

[2] D. Lu, Y. Zhao, R. Tawatao, H.B. Cottam, M. Sen, L.M. Leoni,
T.J. Kipps, M. Corr, D.A. Carson, Activation of the Wnt
signaling pathway in chronic lymphocytic leukemia, Proc. Natl.
Acad. Sci. USA 101 (2004) 3118–3123.

[3] W.J. Nelson, R. Nusse, Convergence of Wnt, b-catenin and
cadherin pathways, Science 303 (2004) 1483–1487.

[4] R.T. Moon, B. Bowerman, M. Boutros, N. Perrimon, The
promise and perils of Wnt signaling through b-catenin, Science
296 (2002) 1644–1646.

[5] J. Tsutsui, M. Moriyama, N. Arima, H. Ohtsubo, H. Tanaka, M.
Ozawa, Expression of cadherin–catenin complexes in human
leukemia cell lines, J. Biochem. (Tokyo) 120 (1996) 1034–1039.

[6] K. Kashfi, Y. Ryyan, L.L. Qiao, J.L. Williams, J. Chen, P. Del
Soldato, F. Traganos, B. Rigas, Nitric oxide-donating nonsteroi-
dal anti-inflammatory drugs inhibit the growth of various cultured
human cancer cells: evidence of a tissue type-independent effect, J.
Pharmacol. Exp. Ther. 303 (2002) 1273–1282.

[7] J.L. Burgaud, E. Ongini, P. Del Soldato, Nitric oxide-releasing
drugs: a novel class of effective and safe therapeutic agents, Ann.
N. Y. Acad. Sci. 962 (2002) 360–371.

[8] B. Rigas, K. Kashfi, Nitric-oxide-donating NSAIDs as agents for
cancer prevention, Trends Mol. Med. 10 (2004) 324–330.

[9] A.W. Bak, W. McKnight, P. Li, P. Del Soldato, A. Calignano,
G. Cirino, J.L. Wallace, Cyclooxygenase-independent chemopre-
vention with an aspirin derivative in a rat model of colonic
adenocarcinoma, Life Sci. 62 (1998) 367–373.

[10] J.L. Williams, K. Kashfi, N. Ouyang, P. del Soldato, L.
Kopelovich, B. Rigas, NO-donating aspirin inhibits intestinal
carcinogenesis in Min (APC(Min/+)) mice, Biochem. Biophys.
Res. Commun. 313 (2004) 784–788.

[11] J.L. Williams, S. Borgo, I. Hasan, E. Castillo, F. Traganos, B.
Rigas, Nitric oxide-releasing nonsteroidal anti-inflammatory
drugs (NSAIDs) alter the kinetics of human colon cancer
chemoprevention, Cancer Res. 61 (2001) 3285–3289.



N. Nath et al. / Biochemical and Biophysical Research Communications 326 (2005) 93–99 99
[12] N. Nath, K. Kashfi, J. Chen, B. Rigas, Nitric oxide-donating
aspirin inhibits b-catenin/T cell factor (TCF) signaling in SW480
colon cancer cells by disrupting the nuclear b-catenin-TCF
association, Proc. Natl. Acad. Sci. USA 100 (2003) 12584–12589.

[13] J.L. Williams, N. Nath, J. Chen, T.R. Hundley, J. Gao, L.
Kopelovich, K. Kashfi, B. Rigas, Growth inhibition of human
colon cancer cells by NO-donating aspirin is associated with
COX-2 induction and b-catenin/TCF signaling, NF-kappaB and
NOS2 inhibition: implications for chemoprevention, Cancer Res.
63 (2003) 7613–7618.

[14] R.K. Yeh, J. Chen, J.L. Williams, M. Baluch, T.R. Hundley,
R.E. Rosenbaum, S. Kalala, F. Traganos, F. Benardini, P. del
Soldato, B. Rigas, K. Kashfi, NO-donating nonsteroidal antiin-
flammatory drugs (NSAIDs) inhibit colon cancer cell growth
more potently than traditional NSAIDs: a general pharmacolog-
ical property?, Biochem. Pharmacol. 67 (2004) 2197–2205.

[15] C. Lavagna, P. Del Soldato, J.L. Burgaud, P. Rampal, Nitric
oxide-releasing non steroidal anti-inflammatory drugs: a new
generation of anti-tumoral molecules, Curr. Cancer Drug Targets
3 (2003) 407–426.
[16] J.S. Royle, J.A. Ross, I. Ansell, P. Bollina, D.N. Tulloch, F.K.
Habib, Nitric oxide donating nonsteroidal anti-inflammatory
drugs induce apoptosis in human prostate cancer cell systems
and human prostatic stroma via caspase-3, J. Urol. 172 (2004)
338–344.

[17] A.S. Jaiswal, B.P. Marlow, N. Gupta, S. Narayan, Beta-catenin-
mediated transactivation and cell–cell adhesion pathways are
important in curcumin (diferuylmethane)-induced growth arrest
and apoptosis in colon cancer cells, Oncogene 21 (2002) 8414–
8427.

[18] X.M. Zhou, B.C. Wong, X.M. Fan, H.B. Zhang, M.C. Lin, H.F.
Kung, D.M. Fan, S.K. Lam, Non-steroidal anti-inflammatory
drugs induce apoptosis in gastric cancer cells through up-
regulation of bax and bak, Carcinogenesis 22 (2001) 1393–
1397.

[19] Z. Han, P. Pantazis, J.H. Wyche, N. Kouttab, V.J. Kidd, E.A.
Hendrickson, A Fas-associated death domain protein-dependent
mechanism mediates the apoptotic action of non-steroidal anti-
inflammatory drugs in the human leukemic Jurkat cell line, J. Biol.
Chem. 276 (2001) 38748–38754.


	NO-donating aspirin inhibits the growth of leukemic Jurkat cells and modulates  beta -catenin expression
	Materials and methods
	Results
	NO-donating aspirin strongly inhibits growth of human leukemic of Jurkat cell line
	The para isomer of NO-ASA degrades  beta -catenin
	The  ndash ONO2 group of p-NO-ASA is critical for the cleavage of  beta -catenin
	p-NO-ASA-induced cleavage of  beta -catenin is caspase-dependent
	Growth inhibition by p-NO-ASA is reversed by ZVAD

	Discussion
	Acknowledgments
	References


