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Abstract Adult T-cell leukemia/lymphoma (ATLL) is an
aggressive lymphoproliferative disease of very poor clini-
cal prognosis associated with infection by the human T-cell
leukemia virus type I (HTLV-I). Treatment of patients with
ATLL using conventional chemotherapy has limited ben-
efit because HTLV-I cells are refractory to most apoptosis-
inducing agents. In this study, we report that Celecoxib
induces cell death via the intrinsic mitochondrial pathway
in HTLV-I transformed leukemia cells. Treatment with
Celecoxib was associated with activation of Bax, decreased
expression of Mcl-1, loss of the mitochondrial membrane
potential and caspase-9-dependent apoptosis. These effects
were independent from Bcl-2 and Bcl-xL. We also found
that Celecoxib inhibited the Akt/GSK3 f survival pathway
in HTLV-I cells.
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Introduction

Adult T-cell leukemia (ATL) is etiologically linked to the
human T-cell leukemia virus type I (HTLV-I) [1]. HTLV-I-
mediated T-cell transformation arises from a multi-step
oncogenic process in which the virus induces chronic
proliferation of the infected T-cells. The mechanism by
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which HTLV-I engenders ATL is not clear, but the long
latency period of several decades preceding the disease
suggests it relies upon long term survival, proliferation and
avoidance of telomere shortening of virus-infected cells [2—
5]. Though many aspects of HTLV-I biology have been
uncovered, the treatment of the disease remains disappoint-
ing, with minimal improvement in the overall survival of
infected patients [6]. Some success has been reported in
treating ATL with a combination of zidovudine (AZT) and
IFN-« [7]. However, this success is fleeting as many patients
relapse, because response to therapy requires the presence of
a transcriptionally active p53 gene [8]. Other treatments
including bone marrow transplantation, topoisomerase
inhibitors, anti-Tac monoclonal antibody, inhibitors of NF-
kB and proteasome inhibitors have been previously reviewed
[9]. Much conventional chemotherapy has limited benefits
since HTLV-I cells are resistant to conventional anti-cancer,
apoptosis inducing agents in part through upregulated
expression of Bcl-xL in ATL patients [10].

The cyclooxygenase (Cox) family of enzymes has been
implicated in the process of cell proliferation and angio-
genesis for many tumors, including colon, non-small-cell
lung, breast, gastric, esophagus, prostrate, head/neck and
cholangiocarcinoma [11, 12]. Cox-2, an immediate early
gene that is induced by a variety of stimuli, such as cyto-
kines, hormones, mitogens and growth factors, has been
reported to be associated with tumor development and
progression, as well as to protect cells from apoptosis
induced by various cellular stresses. Elevated Cox-2
expression has been observed in various types of cancers
including HTLV-I associated ATL [13]. Cyclooxygenase-2
has proved to be an important cellular target for both
therapy and or prevention of inflammatory disorders and
cancers. Celecoxib, a selective cyclooxegenase-2 (Cox-2)
inhibitor is a non steroidal anti-inflammatory (NSAIDs)
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drug and is known to have anti cancer effects [14—16]. The
tumor suppression activity of Celecoxib has been related to
induction of apoptosis in many cancer cell lines. While
Celecoxib is a specific inhibitor of cox-2, recent data
indicate that its apoptotic properties may be mediated
through a cox-2 independent pathway inasmuch as Jurkat
T-cells, which do not express cox-2, are sensitive to
Celecoxib (data not shown) [17].

In this study, we report that Celecoxib has a potent anti-
proliferative effect on HTLV-I infected cells in vitro.
Celecoxib induced conformational change and activation
of Bax, PARP cleavage, caspase-9 activation and apopto-
sis. In addition, we found that Celecoxib mediated anti-
proliferation involved disruption of Akt signaling resulting
in activation of GSK3p.

Experimental procedures
Cell lines and Cox-2 inhibitor

MT-2 and C8166, HTLV-I-transformed T-cell lines was
grown in RPMI-1640 (Invitrogen Carlsbad, CA) supple-
mented with 10% fetal bovine serum, gentamycin, and
penicillin-streptomycin. 1185, LAF and SP, IL-2 depen-
dent T-cell lines immortalized by HTLV-I, and peripheral
blood mononuclear cells (PBMCs) were cultured in 20%
serum and 40 U/ml IL-2. Celecoxib (SC-58635), Cox-2
inhibitor, was obtained from Pfizer and it was dissolved in
DMSO and used at concentrations 20—-100 pM.

Cell-proliferation assay

Cell proliferation was measured using the Cell Proliferation
Kit II (XTT; Roche, Mannheim, Germany) according to
manufacturer’s instructions. Cells (105/m1) were treated
with cox-2 inhibitor (concentrations ranging from 0 to
100 uM) for 24 h in a 96-well plate and then incubated with
tetrazolium salt XTT for 4 h. Proliferation was quantified
by measuring cleavage of XTT to an orange formazan dye
using an enzyme-linked immuno-absorbent assay (ELISA)
reader at 450 nm. Assays were performed in duplicates.

Apoptosis assay

Cells (5 % 105) were treated with cox-2 inhibitor (con-
centrations ranging from 0 to 100 uM) for 24 h and then
collected and washed with cold PBS. Cells were then
stained with Annexin V/propidium iodide using the
Vybrant Apoptosis Assay Kit no. 2 (Molecular Probes,
Eugene, OR) according to the manufacturer’s instructions.
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Mitochondrial membrane potential

Cells (1 x 106) were treated with 80 pM Celecoxib for
24 h, then change in the mitochondrial membrane potential
(A¥Wm) was measured using the ApoAlert Mitochondrial
Membrane Sensor Kit (Clontech, Mountain View, CA)
according to the manufacturer’s instructions.

Immunoprecipitation of activated Bax

Cells were harvested in either 2% (w/v) CHAPS or 1% (v/
v) Triton-X-100 lysis buffer containing 137 mM NaCl,
20 mM Tris (pH 7.4), aprotonin, leupeptin, and pepstatin.
Cells were lysed for one hour at 4°C, and supernatants were
incubated with anti-Bax(N20) overnight. Immune com-
plexes were isolated using proteinA/G sepharose (Santa
Cruz Biotechnology), and purified proteins were released
in SDS-PAGE sample buffer.

Western blot analysis

Cells were washed with PBS containing phosphatase
inhibitors and lysed in RIPA buffer with phosphatase and
protease inhibitors (Complete Cocktail; Roche). Protein
concentration was determined with the Bio-Rad protein
assay (Bio-Rad, Hercules, CA). 30 pg of protein lysates
were separated on 8-15% SDS—polyacrylamide gel elec-
trophoresis and transferred to Immobilon PVDF membranes
(Millipore, Billerica, MA). Proteins were detected with the
appropriate primary antibody [Anti-phospho-AKT(Ser473)
(Cell Signaling), anti-phospho-GSK-3f(Ser9) (Cell Sig-
naling), anti-Bax(N20) (Santa Cruz Biotechnology), anti-
Mcl-1 (Santa Cruz Biotechnology), anti-Bcl-xL, anti-Bcl-2,
anti-Bak, anti-PARP, anti-AKT (Cell Signaling), anti-GSK-
3, anti-actin (Santa Cruz Biotechnology)] followed by an
anti-rabbit or anti-mouse IgG-HRP-conjugated donkey
antibody (Santa Cruz Biotechnology, Santa Cruz, CA).
Blots were developed using a chemiluminescent detection
system (Pierce).

Results

Anti-proliferative effect of Celecoxib (Cox-2 inhibitor)
on HTLV-I infected cells

Since Celecoxib has been used to inhibit cancer cell growth
and target tumor cells to apoptosis we tested its effect on
HTLV-I leukemic cells. Primary blood mononuclear cells
(PBMCs) were used as a control to verify the selective
toxicity of Celecoxib towards cancer cells at doses used in
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this study. Cells were plated at the same density and treated
with increasing dose of Celecoxib. Cellular proliferation
was assessed using the Cell Proliferation Kit II XTT as
previously reported [18]. Proliferation was quantified by
measuring cleavage of XTT to an orange formazan dye
using an ELISA reader at 450 nm. Results are mean values
of at least two independent experiments each performed in
duplicate. Our data indicated that Celecoxib, at 24 h, has a
dose dependent anti-proliferative effect on HTLV-I trans-
formed cells, MT2 (Fig. 1a). In contrast Celecoxib did not
have a significant effect on normal PBMC (Fig. 1a). We
next tested three additional HTLV-I infected cell lines
(1185, LAF and SP) and found that they were similarly
sensitive to Celecoxib (Fig. 1b) when compared to PBMC,
suggesting that, in general, HTLV-I infected cells are
susceptible to the Cox-2 inhibitor, Celecoxib.

Celecoxib targets the HTLV-I infected cells towards
apoptosis

To gain insight into the cellular fate induced by Cele-
coxib, we analyzed treated cells by flow cytometry using
double staining (Annexin V/PI). Apoptotic cells are
scored as Annexin V positive and PI negative whereas
necrotic cells are Annexin V negative and PI positive.
Our results indicate that Celecoxib triggers apoptosis in
MT?2 cells in a dose dependent manner which is shown by
the dose dependent increase in positive Annexin V
staining (Fig. 2a). In contrast Celecoxib-treated PBMC
did not show any positive Annexin V staining (Fig. 2a).

We then examined expression/regulation of downstream
apoptotic markers such as caspases-8, 9 and PARP.
Caspase-9 is activated immediately downstream of the
mitochondria following cytochrome c release and apop-
tosome formation. It has been previously reported that
apoptosis induced by Celecoxib is mediated by caspases-9
and 8 was not required [19]. Cell lysates from both MT2
and C8166, HTLV-1-infected cells, exhibited cleaved
caspase-9 when treated with 100 pM of Celecoxib
(Fig. 2b), a dose similar to that used in other studies. In
contrast, caspase-8, traditionally activated by death
receptor signaling, was not activated by Celecoxib in
HTLV-I treated cells. We also assessed the cleavage of
the apoptotic substrate PARP by western blotting (Fig. 2
¢). Untreated MT2 or C8166 cells showed no detectable
levels of PARP cleavage. Western blotting of lysates from
both cell lines, however, clearly demonstrated the
appearance of cleaved PARP at higher Celecoxib con-
centrations (Fig. 2c). The fact that apoptosis was detected
by Annexin V staining at lower doses of Celecoxib is
consistent with other reports and may be related to the
fact that Annexin V is an early marker of apoptosis, and,
to the relative sensitivity of each assay. Together our data
indicates that Celecoxib-treated HTLV-1 infected cells
undergo apoptosis. We also assessed the expression levels
of other proteins involved in the apoptotic cascade. We
found high levels of Mcl-1 expression in HTLV-I trans-
formed cells which decreased significantly in MT2 and
C8166 HTLV-1-infected cell lines treated with increasing
concentrations of Celecoxib (Fig. 2d). Intriguingly, we
also noted a significant increase in both Bax and Bcl-xLL
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Fig. 2 Celecoxib treatment of HTLV-1-infected cell lines induces
apoptosis. (a) MT2 cells following treatment with 0-100 pM
Celecoxib, were harvested, washed in PBS without Ca>* and Mg2+
and stained with Vybrant Apoptosis kit. Annexin V conjugated to
flourescein allowed the identification of apoptosis (AV*/PI") by
flourescein activated cell sorting (FACS). (b) Western blot analysis of

in MT2 cells and C8166 treated cells (Fig. 2d). Although
Bcl-xL is an important anti-apoptotic factor in HTLV-I
cells, the surge in levels of Bax expression cannot be
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caspases-8 and 9 in HTLV-I infected cells (MT2 and C8166)
following treatment with increasing amounts of Celecoxib. (c)
Western blot analysis of PARP cleavage in MT2 and C8166 cells
following treatment with increasing concentrations of Celecoxib. (d)
Western blot analysis of Mcl-1, Bax, Bcl-xL and Bcl-2 in Celecoxib
0-100 puM treated MT2 and C8166 cells

counteracted by high levels of Bcl-xL, since the latter
does not prevent Bax-mediated apoptosis [20]. In contrast,
Bcl-2 levels were unchanged (Fig. 2d).
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Celecoxib induces loss of membrane potential
involving Bax activation in HTLV-I cells

The mitochondria are a critical checkpoint in the intrinsic
apoptotic cascade. Changes in the mitochondrial membrane
potential, A¥m, a well characterized marker of cells
undergoing apoptosis, were measured following Celecoxib
treatment of MT2 cells (Fig. 3a). MT2 cells treated with
Celecoxib showed a collapse in the A¥Ym indicating that
these cells underwent apoptosis following Celecoxib
treatment (Fig. 3a). In contrast, PBMCs treated with
Celecoxib did not show any alteration of the membrane
potential. Apoptosis initiated through the mitochondria
typically involves the activation of the pro-apoptotic multi-
domain Bcl-2 family member Bax. We further assessed
whether the observed apoptotic phenotype of HTLV-1-
infected cells treated with Celecoxib involved the mito-
chondrial pathway by assessing Bax activation. During
apoptosis Bax undergoes a conformational change that
reveals an N-terminal epitope [21, 22]. PBMC, MT2 and
C8166 cells were treated with increasing concentrations of
Celecoxib and were lysed in CHAPS lysis buffer to
maintain the conformation of Bax. Activated Bax was then
immunoprecipitated using an N-terminal conformation
specific anti-Bax antibody, and immunoprecipitates were
blotted for Bax. Healthy cells displayed no active Bax as
assessed by immunoprecipitation, while cells lysed in
Triton-X-100 as control, which unfolds Bax into an acti-
vated form, did display activated Bax (Fig. 3b). MT2 cells
and C8166 cells, but not PBMC, showed a dose-dependent
increase in active Bax following treatment with Celecoxib
(Fig. 3b), indicating that Celecoxib induces apoptotic

Fig. 3 Celecoxib treatment

A

PBMC

signaling events that involve Bax activation and the
mitochondrial intrinsic pathway.

Celecoxib disrupts Akt signaling in HTLV-I infected
cells

Activation of the PI3K/Akt pathway has been associated
with malignant transformation [23]. Recently, several tar-
gets of the PI3K/Akt pathway have been identified which
contribute to its promotion of cell survival. Among these
are BAD, caspase-9, the forkhead family, and the NF-kB
transcription factor [24]. Activation of the PI3K/Akt sur-
vival pathway is critical for proliferation of HTLV-I
transformed cells [25, 26]. Several studies have shown that
treatment with drugs that disrupt this pathway lead to
growth arrest and apoptosis. In cell lines derived in vitro,
Tax stimulates Akt resulting in phosphorylation and inac-
tivation of GSK3f and the constitutive activation of f-
catenin [27]. In addition, the viral protein p30 has also been
shown to potently inhibit GSK3f and likely contributes to
the activation of the f-catenin/Wnt pathway in HTLV-I
infected cells [28]. The activation and phosphorylation of
the signaling molecules AKT and GSK-3f in Celecoxib
treated cells was assessed by western blotting. As seen in
Fig. 4, C8166 cells treated with increasing concentrations
of Celecoxib exhibited a loss of phosphorylated AKT,
suggesting that AKT is de-activated following treatment.
Consistent with these results, we found a decrease in the
phosphorylation of GSK-3f in C8166 cells following
treatment with Celecoxib. Reactivation of GSK3f likely
inhibits f-catenin. Together our data suggest that

MT2

triggers loss of membrane
potential and Bax activation. (a)
A¥m collapse was measured
following treatment of PBMC
and MT2 cells with 80 uM
Celecoxib using the Apoalert
Mitochondrial Membrane
Sensor kit. Results are
representative of at least two
experiments. (b) PBMC, MT2 0

600 -

400

200 4

1000 =

800 —
| — 80uM
600 —
ouM
400 —

200 -

\

1 1
and C8166 cells were treated 0 100
with the indicated

concentrations of Celecoxib,

lysed in 2% CHAPS or 1% B

1000
PE-A

MT?2

T i | 0
10000 100000

T

1 B | Ll
0 100 1000 10000 100000

PE-A

C8166 PBMC

Triton-X-100 lysis buffer, and

immuno-precipitated with anti- TX

CHAPS

CHAPS TX CHAPS

Bax (N20). Immuno-
precipitates and lysates were
immuno-blotted with anti-Bax

Celecoxib (uM) 0 0

IP: active-Bax -

60

60 80 100 0 0 60 100

—= @

80 100 0

Lysates (il —-——aubeued GG apapED

WB: Bax

WB: Bax WB: Bax

@ Springer



Apoptosis (2008) 13:33-40

A B P-AKT
. NS -
P—AKT““ — 100
100 855 50 g 807
S 60-
AKT “ * r—— 5
p & 4o0-
100 86 61 o
> 201
5
g o
[0] [80]
Cox-2 Inhibitor
e P-GSK3p
= 1001
P ——
100 92 34 @
] . g 60
cskas (D G " .
100 100 88 2 50l
s
£ o
[0]  [80]

Cox-2 Inhibitor

Fig. 4 Celecoxib disrupts AKT signaling in HTLV-I infected cells.
(a) Western blot analysis of Phoso AKT, AKT, Phospho GSK3f and
GSK3p in C8166 cells following Celecoxib treatment for 48 h. The
numbers below represent quantitative analysis of the bands. (b)
Quantitative analysis of the decrease in phospho-AKT and phospho-
GSK3p relative to total AKT and total GSK3, respectively, in the
cells

Celecoxib targets active Bax to the mitochondria and
inhibits the Akt/GSK3f/f-catenin pathway leading to
apoptotic death of HTLV-I leukemic cells.

Discussion

Adult T-cell leukemia has a poor clinical prognosis and
treatment of patients using conventional chemotherapy has
limited benefit given that HTLV-I cells are resistant to
conventional anti-cancer, apoptosis-inducing agents. In this
study we found a potent anti-proliferative effect of Cele-
coxib against HTLV-I transformed cells at doses that do
not affect primary T-cells. These effects were time and
dose dependent and similarly affected both IL-2-dependent
or IL-2-independent T-cells infected by HTLV-I. Anti-
proliferative effects were associated with apoptosis as
shown by Annexin V staining and the activation of
caspase-9. We found following treatment with Celecoxib,
Bax undergoes a conformational change that reveals an
N-terminal epitope which can be detected by immunopre-
cipitation with an N-terminal conformation-specific
antibody. This activated form of Bax is known to relocate
to the mitochondria and induces the loss of the mitochon-
drial membrane potential, leading to release of cytochrome
c and activation of caspases.

Anti-apoptotic Bcl-2 family members protect mito-
chondria from pro-apoptotic stimuli. In this study we
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observed a loss of the mitochondrial membrane potential in
HTLV-I cells following Celecoxib treatment. Altogether,
this supports the notion that Celecoxib induces cell death
via the intrinsic mitochondrial pathway. HTLV-1-infected
cells treated with increasing concentrations of Celecoxib
exhibited a significant loss of Mcl-1 expression. Mcl-1
normally complexes with pro-apoptotic proteins such as
Bak and Bim at the mitochondria [29, 30], and the loss of
Mcl-1 releases these pro-apoptotic factors, which are then
able to induce apoptosis through the mitochondrial path-
way. Celecoxib treatment has been shown to also induce
the loss of Mcl-1 in hepatocellular carcinoma cells, and this
is followed by Bax activation and translocation to the
mitochondria [31]. It is interesting to speculate that
reduced Mcl-1 expression induced by Celecoxib may free
pro-apoptotic Bcl-2 family members such as Bak or Bim,
leading to apoptosis. Whether the loss of Mcl-1 is required
for Celecoxib-induced death, however, remains to be
investigated. Mcl-1 is continuously synthesized, ubiquiti-
nated and degraded [32]. Stimuli which turn off Mcl-1
transcription, such as DNA damaging agents, downregulate
Mcl-1 transcription; since no new Mcl-1 is produced, a loss
of existing Mcl-1 is thus observed. Whether treatment with
Celecoxib affects mcl-1 promoter expression warrants
future studies. Paradoxically, we observed an increase in
Bcl-xL expression in HTLV-I-infected cells following
Celecoxib treatment. This is similar to other observations
where treatment of lung cancer cells with Celecoxib
induces an NF-xB response, resulting in Bcl-xL upregu-
lation [33]. As mentioned above Bcl-xL, a pro-survival
member of the Bcl-2 family, does not have the capacity to
directly inhibit Bax, and instead specifically inhibits certain
upstream BH3-only proteins. This supports our observation
that the upregulation of Bcl-xL in C8166 cells is unable to
inhibit Celecoxib-induced apoptosis and Bax activation,
leading to death of the cell.

Whether the overexpression of either Bcl-2, Mcl-1, or
other anti-apoptotic proteins can protect Celecoxib-treated
HTLV-1 cell lines remains to be seen. Indeed, the over-
expression of Mcl-1 protects hepatocellular carcinoma
cells from Celecoxib-induced death, suggesting that par-
ticular Bcl-2 family proteins can inhibit Celecoxib-induced
death, and that specific BH3-only proteins are likely acti-
vated by Celecoxib to trigger apoptosis. It is possible that
the loss of Mcl-1 is an important step in Celecoxib-induced
apoptosis in HTLV-1-infected cells.

Previous reports have indicated that Celecoxib can
influence upstream kinase signaling pathways to promote
cell death. In order to address the mechanism used by
Celecoxib to induce apoptosis in HTLV-1-infected cells,
we examined upstream kinase signaling pathway Akt, a
major pro-survival signaling protein which up-regulates
expression of number of proteins involved in cell survival.
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Several studies have highlighted the importance of Akt
activation for the survival and growth of HTLV-I tumor
cells. Indeed, we and others found that treatment with
Celecoxib resulted in the significant loss of phosphorylated
and unphosphorylated Akt [34]. Since active Akt induces
the phosphorylation and subsequent inactivation of GSK3/
at Ser9, we assessed the level of GSK3f phosphorylation
following Celecoxib treatment. HTLV-I-infected cells
treated with increasing concentrations of Celecoxib resul-
ted in the remarkable decrease in phosphorylated GSK3p,
indicative of an increase in activated GSK3f. Active
GSK3p has the capacity to phosphorylate and inactivate
downstream protein targets such as f-catenin, which nor-
mally regulates the Wnt signaling pathway controlling cell
survival. Our results suggest that Celecoxib targets Akt/
GSK3p pathway. In conclusion, our results confirm that
although multiple apoptotic pathways are inhibited in
HTLV-1-infected cells, these effects are reversible and
targeting these pathways may open new avenues for
treating HTLV-1-infected patients.
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