
Abstract. Background: Aerosolized cyclosporine A (CsA)
increases the local concentration of CsA in lung tissue and has
proven to be an effective therapy for refractory rejection in lung
transplant patients. However, the safety of high concentrations
of CsA on tumour progression remains controversial. Materials
and Methods: Human lung adenocarcinoma A549 cells were
cultured with or without 1-3 μg/ml of CsA. The percentage of
apoptotic cells was evaluated by Annexin V staining. The
expressions of caspase-3, -9, -8 and cytochrome c were
determined by Western blotting. Results: CsA therapy
suppressed the growth of human lung cancer cells and
increased the percentage of apoptotic cells compared with
control cells. Western blot analysis revealed that CsA increased
the levels of cytosolic cytochrome c and cleaved caspase-3 and
-9, but not of cleaved caspase-8 in the lung cancer cells,
suggesting that CsA-induced apoptosis is associated with the
activation of caspase-3 and -9. Conclusion: Our findings
indicate that a high concentration of CsA has cytocidal effects
through the caspase-3- and -9-dependent apoptotic pathway.
This result shows that local administration of CsA does not
increase the risk of secondary lung cancer. 

Lung transplantation has evolved as a life-saving alternative
for many patients with advanced lung diseases, such as
chronic obstructive pulmonary disease, cystic fibrosis,
interstitial lung diseases, and other conditions that result in
permanent lung dysfunction. In the United States, the number
of lung transplants performed increased from 93 in 1989 to
approximately 1500 in 2008 (1). In Japan, a total of 105 lung
transplantations had been performed by the end of 2007 (2).

Rejection of the transplanted organ remains a persistent
problem for lung transplant recipients manifesting in both
acute and chronic forms. Cyclosporine A (CsA) is an
immunosuppressant widely used for suppressing rejection of
organ transplants and in treating autoimmune diseases. Its
mechanism of immunosuppressive action involves inhibition
of T-lymphocyte calcineurin, cytokine production and
immune cell activation. 

Systemic administration of CsA incurs the risk of end-
organ toxicity. The increased incidence of infections,
nephrotoxicity, diabetes, hypertension and malignancies
among the transplant population as a result of intense
immunosuppressive therapy is well documented (3).
Regional immunosuppression offers an approach to address
both of these issues simultaneously by achieving high local
drug levels with concomitant low systemic levels. Various
experimental models of heart, liver and kidney
transplantation have been used to examine the efficacy of the
local delivery of aerosolized CsA. These studies report
promising results in controlling rejection while maintaining
low systemic drug concentration through local drug delivery.

The development of aerosolized CsA is directed
specifically to the needs of lung transplant recipients,
because the allograft is accessible for therapy by the inhaled
route. We believe that local application of the drug would
allow for treatment or prophylaxis of lung transplant
rejection without increased rates of nephrotoxicity, and that
the implementation of the drug might allow for reductions in
other immunosuppressive medications. 

In animal models of lung transplantation, aerosolized CsA
remains in high concentrations in the lung tissue with low
systemic concentrations of CsA. It is implying that aerosolized
CsA has high efficacy for local immunosuppression and  low
potential for systemic side effects (4, 5).

In general, immunosuppressive drug therapy using CsA
increases long-term survival rates after organ transplantation.
But there are cases of patients with life-threatening
complications such as cancer opting for transplantation. For
example, lung transplant recipients are at risk of harboring
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or developing bronchogenic carcinoma in their native lungs
(6, 7). It has been reported that bronchogenic carcinoma
develops in the native lung of transplant recipients with
emphysema and pulmonary fibrosis, at frequencies of 2%
and 4%, respectively (8). 

Several reports indicate that CsA induces apoptotic cell
death in leukemia, melanoma and glioma cells (9-15). In
contrast, a previous report revealed that CsA accelerates
tumour growth in lung cancer (16). Therefore, the safety of
CsA usage on tumour progression remains controversial.
Furthermore, whether the high concentration of CsA
achieved by inhalation therapy has an effect on lung cancer
progression remains unknown. 

Materials and Methods

Cell line and reagents. Lung adenocarcinoma cell line A549,
purchased from the American Type Culture Collection (Rockville,
MD, USA), was cultured in RPMI-1640 medium with 10% fetal
calf serum (FCS) at 37˚C in 5% CO2. Cells in the logarithmic
growth phase were used. CsA was purchased from Sigma Chemical
Company (St. Louis, MO, USA). An Annexin V-FITC apoptosis
detection kit was purchased from BD Biosciences (San Diego, CA,
USA). A mitochondria/cytosol fractionation kit was purchased from
BioVision (Palo Alto, CA, USA). Antibodies for caspase-3, -9 and -
8, and cytochrome c were purchased from Cell Signaling
Technology (Beverly, MA, USA).

In vitro clonogenic assay. Clonogenic assay was used to determine
the cytocidal effects of CsA. A549 cells (4×102 to ×104 cells) were
cultured in 1.72% methylcellulose medium containing 20% FCS (35
mm dish) at 37˚C in 5% CO2. CsA at 1.0, 2.0 and 3.0 μg/ml
concentrations was added to the medium. Following 7 days of
incubation, the number of colonies containing more than 30 cells
was counted by microscopy. The survival fraction was calculated by
dividing the number of colonies obtained in the presence of CsA by
the number of colonies obtained in vehicle treatment. The results
were used to determine the cytocidal effects of CsA.

Detection of apoptosis by flow cytometry. A549 cells were plated in
96-well tissue-culture plates in RPMI/FCS. After 24 h the cells were
exposed to the CsA concentrations 0.5, 1.0 and 2.0 μg/ml, and
cultured for 0, 24, 48, 72 and 96 h. At each time point, A549 cells
(1×106 cells) were washed with phosphate buffered saline (PBS)
and suspended in binding buffer in a polystyrene test tube. FITC-
conjugated Annexin V and propidium iodide (PI) were added to the
suspension, incubated at room temperature for 15 min, and the cell
fluorescence was then determined by flow cytometry.

Detection of apoptosis by Western blotting. A549 cells were
exposed to 1.0 μg/ml CsA and cultured for 0, 24, 48, 72 and 96 h.
At each time point, the cells were washed with PBS and lysed in
Tris-HCl buffer containing phenylmethylsulfonyl fluoride (PMSF),
aprotinin and dithiothreitol (DTT). The lysates were centrifuged,
and the supernatants were used as protein samples. The samples
were boiled with sodium dodecyl sulfate (SDS) sample buffer for 3
min, separated by SDS (15%)-polyacrylamide gel electrophoresis
and then electrotransferred to polyvinylidenedifluoride membranes.

The membranes were blocked with 5% non-fat milk in TBS-T
(Tris-buffered solution/0.1%Tween 20), incubated overnight with
1:1000 diluted primary antibodies, washed with TBS-T and further
incubated for 1 h with 1:2000 diluted secondary antibodies
(horseradish peroxidase-conjugated anti-rabbit IgG or anti-mouse
IgM). The membranes were then immersed in color development
solution and developed. Primary antibodies used for Western
blotting were anti-caspase (caspase-3, -9 and -8) and cytochrome
c. For cytochrome c, the mitochondria/cytosol fractionation kit was
used to separate the cytosol and the mitochondrial protein fractions,
following which the measurements were taken.

Results

Cytocidal effects of CsA. We first examined the cytocidal
effects of CsA on A549 cells using clonogenic assay. As
shown in Figure 1, CsA therapy reduced the survival fraction
of A549 cells in a dose-dependent manner. Survival fraction
values were 0.730, 0.360 and 0.131 at CsA concentrations of
1.0, 2.0 and 3.0 μg/ml, respectively. These findings
demonstrate that CsA has a cytocidal effect on A549 cells.

Apoptotic effect of CsA. To examine whether CsA-inducing
cytotoxicity was due to apoptosis, FACS analysis using
Annexin V with PI was performed. A549 cells were treated
with 1 μg/ml CsA. The percentage of apoptotic cells
increased to 17.5% at 72 h and 33.4% at 96 h in CsA-treated
cells (Figure 2, middle panel) as compared with 8.3% at 72
h and 14.9% at 96 h in vehicle-treated cells (Figure 2, upper
panel). These findings show that CsA induces apoptosis of
A549 cells. The findings for Annexin V were also validated
with H2O2 as a positive control (Figure 2, lower panel).

Measurement of apoptosis-related proteins by Western
blotting. Cytochrome c release from mitochondria to cytosol:
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Figure 1. Cytocidal effect of CsA on A549 cells. A549 cells were treated
with three different concentrations of CsA, the survival fractions measured
following 7 days incubation. Data are the mean SD of average values
obtained from three separate experiments performed on different days.



Cytochrome c release from the mitochondria is a critical step
in the apoptotic cascade, because it activates downstream
caspases. To examine the release of cytochrome c in CsA-
treated A549 cells, we conducted Western blotting of the
cytosol fraction. The findings demonstrate that CsA
increased cytosolic cytochrome c in a time-dependent
manner (Figure 3). 

Activation of caspase-9 and -3 in CsA treatment. Caspases
are known to play a central role in various apoptotic
responses, including mitochondrial-mediated apoptosis. To
identify the apoptotic pathway, we evaluated the roles of
caspase-3, 9 and 8 in CsA-induced apoptosis. Western blot
analysis revealed that the level of caspase-9 precursor was
reduced by CsA therapy in a time-dependent manner. In
contrast, the level of cleaved caspase-9 was increased
(Figure 4). However, we observed no significant change in
the level of pro-caspase-8 in CsA-treated A549 cells (data
not shown). We found that CsA significantly induced pro-
caspase-3 cleavage to its active form in a time-dependent
manner as can be interpreted from the Western blot analysis
result (Figure 5). These results suggest that CsA-induced
apoptosis is associated with the activation of caspase-9 and
-3, but not of caspase-8.

Discussion

Lung rejection remains a common problem among transplant
recipients. Because the side effects of chronic systemic
immunosuppression are well known, recent efforts have
explored alternative approaches to controlling rejection.
Clinical trials have demonstrated that aerosolized CsA can
effectively control rejection in lung allografts. Keenan et al.
found that 9 out of 12 patients (5 with acute and 4 with chronic
rejections) exhibited histological resolution of rejection within
3 months of inhaled CsA therapy (17). Iacono et al. reported
about 39 transplant recipients who received aerosolixed CsA
therapy in addition to conventional immunosuppression (18).
These authors showed that aerosolized CsA therapy in lung
transplant recipients with bronchiolitis obliterans provided a
survival advantage over conventional therapy alone. Another
study showed that survival was improved with aerosolized CsA
(3 cases of death among 28 patients receiving CsA and 14
among 30 patients receiving placebo), and that chronic
rejection-free survival was also improved with aerosolized CsA
(10 and 20 cases in the CsA and placebo groups, respectively)
(19). An overview of published reports indicates that local CsA
therapy has potential benefits in preventing rejection in lung
transplantation. 

Mitruka et al. compared the lung and blood concentration
of aerosolized CsA after its administration into rat lung. CsA
concentration in the lung tissues rapidly elevated to 100
μg/ml, but then decreased to 10 μg/ml within 5 h. The lung
concentrations were 10 times higher than that of blood at 24
h (4). The CsA concentrations used in our study (0.5-2.0
μg/ml) were 5-20 times higher than those used in a clinical
setting with oral administration (20, 21).

We used the clonogenic assay technique, which is an
established method to determine the cytocidal effects of
anticancer agents. The results of this assay clearly show that
CsA exposure reduced the colony count of lung cancer cells
in a concentration-dependent manner. Because there are no
reports in the literature concerning the effect of CsA on
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Figure 2. Apoptotic effect of CsA on A549 cells. Apoptosis was
evaluated after treating A549 cells with vehicle control (upper panel), 1
μg/ml CsA (middle panel), or 1 mM H2O2 (lower panel) then staining
with Annexin V (FL1-H) and PI (FL2-H) at 72 h and 96 h. The
percentage of early apoptotic cells under each condition is provided in
the lower right quadrant of the figure. 

Figure 3. Effect of CsA on cytosolic cytochrome c release in A549 cells.
A549 cells were incubated with 1 μg/ml CsA for 0, 24, 48, 72 and 96 h.
The cytosolic fraction was isolated, and the content of cytochrome c was
examined by immunoblot analysis using anti-cytochrome c antibody. 



apoptosis of lung cancer, we next examined whether CsA
could induce apoptosis of lung cancer cells. In the present
study, the apoptotic cell population was identified
immunocytochemically using Annexin V, a marker of cells
in the early stage of apoptosis. Annexin V/PI staining showed
that 1 μg/ml of CsA gradually increased the number of early
apoptotic cells over 96 h of culturing.

To gain further insights into the molecular events
associated with CsA-induced apoptosis, the expression of

apoptosis-related proteins was detected by immunoblotting.
Recent studies suggest that at least two different pathways

lead to activation of caspases and induction of apoptosis,
both pathways being distinguished by the accumulation of
cytosolic cytochrome c (22, 23). The mechanism of
cytochrome c-dependent apoptosis is well known (24, 25).
Caspase-3 is believed to be activated by an Apaf complex
consisting of Apaf-1 (human homolog of CED-4 protein),
Apaf-2 (cytochrome c), and Apaf-3 (procaspase-9) (26, 27).
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Figure 4. Effect of CsA on caspase-9 activity in A549 cells. A549 cells were treated with either 1 μg/ml CsA for 0, 24, 48, 72 and 96 h, or 2 μM staurosporine
for 4 h. Cell extracts were then subjected to Western blotting using anti-caspase-9 antibodies. Staurosporine was used as the positive control.

Figure 5. Effect of CsA on caspase-3 activity in A549 cells. A549 cells were treated with either 1 μg/ml CsA for 0, 24, 48, 72 and 96h or 2 μM
staurosporine for 4 h. Cell extracts were then subjected to Western blotting using anti-caspase-3 antibodies. Staurosporine was used as positive control.



Cytochrome c released from the mitochondria during
apoptosis induction plays a key role in the recruitment of
caspase-9 to Apaf-1, leading to activation of caspase-9 and
eventual processing of procaspase-3 (28). The results of
immunoblot analysis in this study showed that CsA therapy
resulted in cytochrome c release from the mitochondria to
the cytoplasm, and activation of caspase-3. 

Caspase 8 is probably activated in most apoptotic systems,
including cell death induced by various chemotherapeutic
drugs, such as etoposide, chlorambucil, fludarabine, cisplatin,
doxorubicin and 5-fluorouracil. Some drugs may rapidly up-
regulate death receptors (e.g. DR5 and FAS) or their ligands
(e.g. FAS ligand, TRAIL and TNF-α), thereby directly
activating the death receptor-mediated activation of caspase-8
(29-34). However, our data showed that CsA did not activate
caspase-8 in A549 lung cancer cells. Caspase-9 appears to be
a functionally important initiator of the apoptotic cascade. In
contrast to other caspases, the unprocessed form of caspase-9
is enzymatically active, and by processing itself its activity
increases by a factor of approximately 10. Pro-caspase-9 and
processed caspase-9 are active only in the presence of their
co-activators (Apaf-1/cytochrome c complex). Invalidation of
the caspase-9 gene and transfection with dominant-negative
mutants of caspase-9 have revealed its critical role in
developmental cell death (particularly in neurons), as well as
in chemotherapy responses in vitro (35-37). In particular, in
the mitochondrial pathway of cell death induction, caspase-9
appears to be necessary for the occurrence of full-blown
apoptosis (38, 39). In the present study, we showed that the
level of cleaved caspase-9 was dramatically increased by CsA
therapy in a dose-dependent manner. Therefore, our data
suggest that the mitochondria and caspase-9 activation
pathway is critical in CsA-induced lung cancer cell apoptosis.

We have thus demonstrated that CsA-induced apoptosis of
lung cancer cells occurs through the mitochondrial and
caspase-9 activation pathway. In contrast to lung cancer cells,
normal structural lung cells are highly protected from CsA-
induced apoptosis, considering that there are only few reports
about pulmonary toxicity from inhalation therapy. This
characteristic feature of CsA supports its safety and
suitability for lung transplantation patients. In addition, it
also suggests that local administration of CsA will provide a
regional advantage in the prevention of lung rejection
without secondary lung cancer. 

References
1 OPTN/SRTR Annual Report chapter index VII; http://

www.ustransplant.org/annual_reports/current/
2 Shiraishi T, Okada Y, Sekine Y, Chida M, Bando T, Minami M,

Oto T, Nagayasu T, Date H and Kondo T: Registry of the
Japanese Society of Lung and Heart-Lung Transplantation: the
official Japanese lung transplantation report 2008. Gen Thorac
Cardiovasc Surg 57: 395-401, 2009.

3 Lyu DM and Zamora MR: Medical complications of lung
transplantation. Proc Am Thorac Soc 6: 101-107, 2009.

4 Mitruka SN, Won A, McCurry KR, Zeevi A, McKaveney T,
Venkataramanan R, Iacono A, Griffith BP and Burckart GJ: In
the lung aerosol cyclosporine provides a regional concentration
advantage over intramuscular cyclosporine. J Heart and Lung
Transplantation 19: 969-975, 2000.

5 Letsou GV, Safi HJ, Reardon MJ, Ergenoglu M, Li Z, Klonaris
CN, Baldwin JC, Gilbert BE and Waldrep JC: Pharmacokinetics
of liposomal aerosolized cyclosporine A for pulmonary
immunosuppression. Ann Thorac Surg 68: 2044-2048, 1999. 

6 Arcasoy SM, Hersh C, Christie JD, Zisman D, Pochettino A,
Rosengard BR, Blumenthal NP, Palevsky HI, Bavaria JE and Kotloff
RM: Bronchogenic carcinoma complicating lung transplantation. J
Heart and Lung Transplantation 20: 1044-1053, 2001.

7 Mathew J and Kratzke RA: Lung cancer and lung
transplantation. J Thorac Oncol 4: 753-760, 2009.

8 Collins J, Kazerooni EA, Lacomis J, McAdams HP, Leung AN,
Shiau M, Semenkovich J and Love RB: Bronchogenic carcinoma
after transplantation: frequency, clinical characteristics, and
imaging findings. Radiology 224: 131-138, 2002.

9 Roy MK, Takenaka M, Kobori M, Nakahara K, Isobe S and
Tsushida T: Apoptosis, necrosis and cell proliferation-inhibition
by cyclosporine A in U937 cells (a human monocytic cell line).
Pharmacol Res 53: 293-302, 2006.

10 Duraj, Takacsova X, Sedlak J, Sulikova M, Hunakova L, Bies J and
Chorvath B: PSC833 induces apoptosis in drug-sensitive human
leukemia cell line and modulates resistance to paclitaxel in its
multidrug-resistanat variant. Anticancer Res 20: 4627-4632, 2000.

11 Lopes EC, Garcia M, Benavides F, Shen J, Conti CJ, Alvarez E
and Hajos SE: Multidrug resistance modulators PSC833 and
CsA show differential capacity to induce apoptosis in lymphoid
leukemia cell lines independently of their MDR phenotype. Leuk
Res 27: 413-423, 2003.

12 Ito C, Ribeiro RC, Behm FG, Raimondi SC, Pui CH and
Campana D: Cyclosporin A induces apoptosis in childhood acute
lymphoblastic leukemia cells. Blood 91: 1001-1007, 1998.

13 Ciechomska I, Legat M, Golab J, Wesolowska A, Kurzaj Z,
Mackiewicz A and Kaminska B: Cyclosporine A and its non-
immunosuppressive derivative NIM811 induce apoptosis of
malignant melanoma cells in vitro and in vivo studies. Int J
Cancer 117: 59-67, 2005.

14 Zupanska A, Dziembowska M, Ellert-Miklaszewska A, Gaweda-
Walerych K and Kaminska B: Cyclosporine A induces growth
arrest or programmed cell death of human glioma cells.
Neurochem Int 47(6): 430-441, 2005.

15 Mosieniak G, Figiel I and Kaminska B: CyclosporinA, an
immunosuppressive drug, induces programmed cell death in rat
C6 glioma cells by a mechanism that involves the AP-1
transcription factor. J Neurochem 68(3): 1142-1149, 1997.

16 Hojo M, Morimoto T, Maluccio M, Asano T, Morimoto K,
Lagman M, Shimbo T and Suthanthiran M: Cyclosporine
induces cancer progression by a cell-autonomous mechanism.
Nature 397: 530-534, 1999.

17 Keenan RJ, Zeevi A, Iacono AT, Spichty KJ, Cai JZ, Yousem SA,
Ohori NP, Paradis IL, Kawai A and Griffith BP: Efficacy of
inhaled cyclosporine in lung transplant recipients with refractory
rejection: correlation of intragraft cytokine gene expression with
pulmonary function and histologic characteristics. Surgery 118:
385-391, 1995.

Sato et al: Cyclosporin A Induces Apoptosis of Human Lung Adenocarcinoma Cells

2133



18 Iacono AT, Corcoran TE, Griffith BP, Grgurich WF, Smith DA,
Zeevi A, Smaldone GC, McCurry KR, Johnson BA and Dauber
JH: Aerosol cyclosporine therapy in lung transplant recipients
with bronchiolitis obliterans. Eur Respir J 23: 384-390, 2004.

19 Iacono AT, Johnson BA, Grgurich WF, Youssef JG, Corcoran TE,
Seiler DA, Dauber JH, Smaldone GC, Zeevi A, Yousem SA,
Fung JJ, Burckart GJ, McCurry KR and Griffith BP: A
randomized trial of inhaled cyclosporine in lung-transplant
recipients. N Engl J Med 354: 141-150, 2006.

20 Hami M, Mojahedi MJ, Naghibi M, Shakeri MT and Sharifipour
F: Cyclosporine trough levels and its side effects in kidney
transplant recipients. Transplantation 4: 153-157, 2010.

21 Narula AS, Murthy MSN, Patrulu KSK and Saxena VK: Routine
cyclosporine concentration-C2 level monitoring. Med J Armed
Forces India 60: 326-328, 2004. 

22 Hishita T, Tada-Oikawa S, Tohyama K, Miura Y, Nishihara T,
Tohyama Y, Yoshida Y, Uchiyama T and Kawanishi S: Caspase-
3 activation by lysosomal enzymes in cytochrome c-independent
apoptosis in myelodysplastic syndrome-derived cell line P39.
Cancer Research 61: 2878-2884, 2001.

23 Chauhan D, Pandey P, Ogata A, Teoh G, Krett N, Halgren R,
Rosen S, Kufe D, Kharbanda S and Anderson K: Cytochrome c-
dependent and -independent induction of apoptosis in multiple
myeloma cells. J Biol Chem 272: 29995-29997, 1997.

24 Juin P, Hueber AO, Littlewood T and Evan G: c-Myc-induced
sensitization to apoptosis is mediated through cytochrome c
release. Genes Dev 13: 1367-1381, 1999.

25 Bossy Wetzel E and Green DR: Caspases induce cytochrome c
release from mitochondria by activating cytosolic factors. J Biol
Chem 274: 17484-17490, 1999.

26 Li P, Nijhawan D, Budihardjo I, Srinivasula SM, Ahmad M,
Alnemri ES and Wang X:  Cytochrome c and dATP-dependent
formation of Apaf-1/caspase-9 complex initiates an apoptotic
protease cascade. Cell 91: 479-489, 1997.

27 Nagata S: Apoptosis by death factor. Cell 88: 355-365, 1997.
28 Cain K, Brown DG, Langlais C and Cohen GM: Caspase

activation involves the formation of the aposome, a large
(approximately 700 kDa) caspase-activating complex. J Biol
Chem 274: 22686-22692, 1999.

29 Chandra D, Choy G, Deng X, Bhatia B, Daniel P and Tang DG:
Association of active caspase 8 with the mitochondrial
membrane during apoptosis: potential roles in cleaving BAP31
and caspase 3 and mediating mitochondrion-endoplasmic
reticulum cross talk in etoposide-induced cell death. Mol Cell
Biol 24: 6592-6607, 2004.

30 Ashkenazi A and Dixit VM: Death receptors: signaling and
modulation. Science 281: 1305-1308, 1998.

31 Boesen-de Cock JG, Tepper AD, Vries E, van Blitterswijk WJ
and Borst J: Common regulation of apoptosis signaling induced
by CD95 and the DNA-damaging stimuli etoposide and gamma-
radiation downstream from caspase-8 activation. J Biol Chem
274: 14255-14261, 1999.

32 Debatin KM, Poncet D and Kroemer G: Chemotherapy:
targeting the mitochondria cell death pathway. Oncogene 21:
8786-8803, 2002.

33 Johnston JB, Kabore AF, Strutinsky J, Hu X, Paul JT, Kropp
DM, Kuschak B, Begleiter A and Gibson SB: Role of the
TRAIL/APO2-L death receptors in chlorambucil- and
fludarabine-induced apoptosis in chronic lymphocytic leukemia.
Oncogene 22: 8356-8369, 2003.

34 Lacour S, Micheau O, Hammann A, Drouineaud V, Tschopp J,
Solary E and Dimanche-Boitrel MT: Chemotherapy enhances
TNF-related apoptosis-including ligand DISC assembly in HT29
human colon cancer cells. Oncogene 22: 1807-1816, 2003.

35 Perkins CL, Fang G, Kim CN and Bhalla KN: The role of
APAF-1, caspase-9, and BID proteins in etoposide-or paclitaxel-
induced mitochondrial events during apoptosis. Cancer Res 60:
1645-1653, 2000.

36 Soengas MS, Alarcón RM, Yoshida H, Giaccia AJ, Hakem R,
Mak TW and Lowe SW: Apaf-1 and caspase-9 in p53-dependent
apoptosis and tumor inhibition. Science 284: 156-159, 1999.

37 Srinivasula SM, Ahmad M, Guo Y, Zhan Y, Lazebnik Y,
Fernandes-Alnemri T and Alnemri ES: Identification of an
endogenous dominant-negative short isoform of caspase-9 that
can regulate apoptosis. Cancer Res 59: 999-1002, 1999.

38 Costantini P, Bruey JM, Castedo M, Métivier D, Loeffler M,
Susin SA, Ravagnan L, Zamzami N, Garrido C and Kroemer G:
Pre-processed caspase-9 contained in mitochondria participates
in apoptosis. Cell Death and Differentiation 9: 82-88, 2002.

39 Hakem R, Hakem A, Duncan GS, Henderson JT, Woo M,
Soengas MS, Elia A, de la Pompa JL, Kagi D, Khoo W, Potter J,
Yoshida R, Kaufman SA, Lowe SW, Penninger JM and Mak
TW: differential requirement for caspase 9 in apoptotic pathways
in vivo. Cell 94: 339-352, 1998.

Received April 3, 2011
Revised May 26, 2011

Accepted May 27, 2011

ANTICANCER RESEARCH 31: 2129-2134 (2011)

2134


