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Background : PS-341 is a novel, highly selective and potent proteasome inhibitor, which showed cytotoxicity against
some tumor cells. Its anti-tumor activity has been suggested to be associated with modulation of the expression of
apoptosis-associated proteins, such as p53, 21"V p275! NF-kB, Bax and Bcl-2. ¢-Jun N-terminal kinase (JNK)
and glycogen synthase kinase-33 (GSK-3[) are important modulators of apoptosis. However, their role in
PS-341-induced apoptosis is unclear. This study was undertaken to elucidate the role of JNK and GSK-3[3 in the
PS-341-induced apoptosis in lung cancer cells.

Method : NCI-H157 and A549 cells were used in the experiments. The cell viability was assayed using the MTT
assay and apoptosis was evaluated by proteolysis of PARP. The JNK activity was measured by an in vitro immuno
complex kinase assay and by phosphorylation of endogenous c-Jun. The protein expression was evaluated by Western
blot analysis. Dominant negative JNK1 (DN-JNK1) and GSK-3( were overexpressed using plasmid and adenovirus
vectors, respectively.

Result : PS-341 reduced the cell viability via apoptosis, activated JNK and increased the c-Jun expression. Blocking
of the JNK activation by overexpression of DN-JNK1, or pretreatment with SP600125, suppressed the apoptosis
induced by PS-341. The activation of caspase 3 was mediated by JNK activation. Blocking of the caspase 3 activation
suppressed PS-341-induced apoptosis. PS-341 activated the phosphatidylinositol 3-kinase (PI3KyAkt pathway, but
its blockade enhanced the PS-341-induced cell death via apoptosis. GSK-33 was inactivated by PS-341 via the
PISK/Akt pathway. Overexpression of constitutively active GSK-38 enhanced PS-341-induced apoptosis; in contrast,
this was suppressed by dominant negative GSK-33 (DN-GSK-3(3). Inactivation of GSK-33 by pretreatment with
lithium chloride or the overexpression of DN-GSK-3[3 suppressed both the JNK activation and c-Jun up-regulation
induced by PS-341.

Conclusion : The JNK/caspase pathway is involved in PS-341-induced apoptosis, which is negatively regulated by
the PISK/Akt-mediated inactivation of GSK-38 in lung cancer cells. (Tuberc Respir Dis 2004 57-449-460)

Key words : PS-341, Apoptosis, JNK, Caspase, PISK/Akt, GSK-3[3, Lung cancer.
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Figure 1. PS-341  reduced cel  viability time- and

dose—dependently.  (A)  NCI-H157  cells  were  treated
with 50 nM PS-341 or DMSO (D) for the indicated
times. (B) Cells were incubated with PS-341 (2 10,
5 and 100 nM) or DMSO for 24 h. The cell viability
was determined using the MIT assay. Data are shown
as the mean percentage of the  controlxstandard
deviation of three separate experiments.
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Figure 2. PS-341  induced  apoptosis.  (A)  NCI-H157
or A9 cells were treated with PS-341 (50 nM) for
the indicated times. PARP proteolysis was assayed by
Western  blot  analysis.  PARP  (116kD) and  PARP
(B6kD) represent the intact PARP  and  proteolyzed
PARP, respectively. (B) NCI-H157 cells  treated  with
PS31 (50 nM) for the indicated times. Cells were
examined by  phase contrast microscopy (upper
figures). Cells were fixed in  methanol containing 1
mgm DAPl to label the nucdear DNA and examined
by fluorescence  microscopy  (ower  figures).  Arrows

represent  the  fragmented nuclei  of  apoptotic  cells.
Results are representative of three separate
experiments.
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Figure 4. PS-341-induced apoptosis  was associated with JNK-mediated caspase 3 activation. (A
NCI-H157 oells were treated with PS-341 (2, 10, 50 and 100 nM) for 24 h or with PS341 (50 nM for the
indicated times. (B) Cells were pretreated with 20 mM  of the pan—caspase inhibitor, ZVAD-fmk, or the
caspase 3 specific inhibitor, zDEVD-fmk (2), for 1 h, and then incubated for 24 h with PS-341 (50 nM). (C)
Cel were transfected with plasmid encoding dominant negative JNKI  (DN-UNKI)  or the control  plasmid
(0cDNA3).  After 48 h transfection, cells were incubated with PS-341 (50 nM) for 24 h (D) Cells were
prefreated  with SPE00125 5 nM) for 1 h, and then treated with PS-341 (50 nM) for 24 h. The levels of
procaspase 3 expression and PARP proteolysis were evaluated by Westem blot  analyses. Results are

representative of three separate experiments.
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Figure 6. Inactivation of GSK-33 via PI3K/Akt pathway was  responsble  for  the  suppression

PS-341-induced apoptosis.  (A) PS-341 inactivated GSK-38 via the PI3K/Akt pathway. NCI-H157  cells  were
prefreated with 50 mM LY224002 (LY) or DMSO for 2 h, and then incubated with PS-341 (50 nM) for the
indicated tmes in the presence or absence of LY. (B Overexpression of constitutively active GSK-3B
enhanced PS-341-induced  apoptosis.  Cells  were  infected  with  adenovirus  vectors — expressing  hemagglutinin

(HA)-tagged GSK-338 cDNA in which the serine 9 was substitited with a non—phosphorylatable alanine  (S9A)
or control adenovirus  (B-gal). Forty eight hours after transduction, the cells were treated with PS-341

M) for 24 h (O Overexpression of dominant negative GSK-3B suppressed PS-341-induced  apoptosis.
Cels were infected with adenovirus vectors expressing HA-tagged catalytically inacive GSK-38 (K85A)  or

a control adenovirus at 50 moi. Forty eight hours after transduction, the cells were treated with PS-341

M) for 24 h. Total cel lysates were subjected to Western blot analysis for phosphorylated GSK-33

(0-GSK-30), HA, pro-caspase 3, PARP, and B-actin. Results are representative of three distinct experiments.
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Figure 7. GSK-33 inactivation  suppressed  PS-341-induced
(A) NCI-H157 cells were incubated with lithium  chloride

JNK  activation  and  the up-regulaton of  c-Jun.

(Lc, 10 mw) for 1 h and then cells were treated

with PS-341 (50 nM) for 4 or 8 h in the presence or absence of LIC. (B) NCI-H157 cells were infected with
adenovirus  vectors  expressing  hemagglutinin - (HA-tagged  catalytically  inactive GSK-33 (K85A) at 50 moi.
Forty eight hours after transduction, the cells were treated with PS-341 (50 nM) for 8 h. JNK activity was
assayed by an in vitro immune complex kinase method. Total cellular extracts were subjected to  c-Jun,
phosphorylated c-Jun (p-c-Jun), HA, and B-actin. Results are representative of three separate experiments.
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