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Abstract
p70 S6 kinase (p70S6K) plays an important role in protein translation and cell cycle progression.
Increased levels of p70S6K have been associated with drug resistance. In the present study, we have
investigated the involvement of p70S6K in DNA damage-induced apoptosis. The DNA damaging
agent cisplatin caused a concentration-dependent decrease in full-length p70S6K in small cell lung
cancer H69 and non-small cell lung cancer A549 cells with concomitant increase in an approximately
45-kDa fragment. The proteolytic cleavage of p70S6K was inhibited by a broad specificity caspase
inhibitor but not by the proteosome or calpain inhibitor. Cell-permeable peptide inhibitor and siRNA
against capsase-3 inhibited cisplatin-induced proteolytic cleavage of p70S6K. In vitro-translated
p70S6K was cleaved by human recombinant caspase-3. Cisplatin failed to induce cleavage of
p70S6K in MCF-7 cells that lack functional caspase-3 but ectopic expression of caspase-3 in MCF-7
cells resulted in the cleavage of p70S6K. p70S6K was primarily cleaved at a noncanonical
recognition site Thr-Pro-Val-Asp, after Asp-393. Site-directed mutagenesis of Asp-393 to Ala
resulted in protection against cisplatin-mediated apoptosis whereas introduction of the N-terminal
cleaved fragment resulted in potentiation of cisplatin-induced apoptosis. These results suggest that
p70S6K is a novel substrate for caspase-3 and that the proteolytic cleavage of p70S6K is important
for cisplatin-induced apoptosis.
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p70 ribosomal S6 kinase (p70S6K) is a serine/threonine protein kinase which phosphorylates
ribosomal S6 protein (S6) and promotes translation of a subset of mRNAs necessary for cell
cycle progression (1). An elevation/activation of p70S6K has been associated with several
cancers and resistance to chemotherapeutic drugs (2-6). Many anticancer drugs kill cancer cells
by inducing apoptosis and a failure to induce apoptosis leads to treatment failure. While several
reports implicated the involvement of p70S6K in DNA damage-induced apoptosis (3,5), little
is known about how p70S6K regulates apoptosis induced by DNA damaging agents.

Apoptosis is initiated by the activation of caspases, a family of cysteine proteases that cleave
after Asp residues (7-9). Caspases are present in most healthy cells as inactive precursors
known as procaspases, which undergo proteolytic processing to generate the active enzyme
when an apoptotic signal is received (8). While caspase-8 and −9 participate in the initiation
phase of apoptosis, caspase-3, −6 and −7 are involved in the execution phase of apoptosis
(7-9). Caspase-2 can function both as an initiator as well as an effector caspase (10-12).
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Proteolytic cleavage of critical cellular proteins, such as poly(ADP-ribose) polymerase
(PARP), DNA-dependent protein kinase, lamin B and protein kinase C-δ by executioner
caspases has been associated with cell death (7,13,14).

Since p70S6K acts downstream of mammalian target of rapamycin (mTOR), most of the
studies have utilized rapamycin to investigate the role of p70S6K in apoptosis (15-20).
Rapamycin is a pharmacological inhibitor of mTOR and it may act on other targets (21,22).
Since p70S6K is elevated in lung cancer, we recently examined its involvement in cisplatin
resistance (3). We inadvertently found that p70S6K was downregulated following treatment
with cisplatin. In the present study, we have examined the mechanism of p70S6K
downregulation and the impact of p70S6K downregulation on cisplatin-induced apoptosis. We
made a novel observation that p70S6K is a substrate for caspase-3. Our results demonstrate
that p70S6K is cleaved by caspase-3 at a non-canonical site. Furthermore, proteolytic cleavage
of p70S6K was important for cisplatin-induced apoptosis.

EXPERIMENTAL PROCEDURES
Reagents

Polyclonal antibodies to p70S6K was purchased from Cell Signaling Technology, Inc.
(Danvers, MA). Monoclonal antibody to GAPDH was purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA). Monoclonal antibody to PARP and caspase-2 were
purchased from Pharmingen (San Diego, CA). Polyclonal antibody to caspase-3 was obtained
from BioSource/Invitrogen (Carlsbad, CA). Active human recombinant caspase-3 was
obtained from Axora (San Diego, CA). MG132 and calpeptin were obtained from Calbiochem
(San Diego, CA). Monoclonal antibody to actin was obtained from Amersham (Piscataway,
NJ). siRNA SMARTpool against caspases, and non-targeting SMARTpool siRNA were
obtained from Dharmacon (Lafayette, CO). Horseradish peroxidase-conjugated goat anti-
mouse and donkey anti-rabbit antibodies were obtained from Jackson ImmunoResearch
Laboratories, Inc. (West Grove, PA). Polyvinylidene difluoride membrane was from Millipore
(Bedford, MA), and enhanced chemiluminescence detection kit was from Amersham
(Piscataway, NJ).). Lipofectamine 2000 transfection reagent was obtained from Invitrogen
(Carlsbad, CA).

Cell Culture
H69, A549, H358 and MCF-7 cells were maintained in RPMI 1640 supplemented with 2 mM
glutamine and 10% (v/v) heat-inactivated fetal bovine serum at 37°C. HeLa cells were
maintained in DMEM supplemented with 2 mM glutamine and 7% (v/v) heat-inactivated fetal
bovine serum at 37°C. Cells were kept in a humidified incubator at 37°C with 95% air and 5%
CO2.

Transfection
Cells were transfected with 1 μg of pcDNA3 or vector containing WT p70S6K or mutant
p70S6K using Lipofectamine 2000 (Invitrogen). Briefly, cells were seeded 1 day before
transfection. 48 h following transfection, cells were treated as indicated in the text and
processed for Western blot analysis. For flow cytometric analysis, cells transfected with an
empty vector, wild-type (WT) p70S6K, the caspase cleavage mutant (D393A) or the N-
terminal domain were grown in the presence of G418 for 4 days to select for a pool of stable
cells. To knockdown caspases, control siRNA or targeted siRNA were introduced into A549
cells using Lipofectamine 2000 (Invitrogen) and manufacturer's protocol (39). Briefly, cells
were seeded 1 day before transfection. 48 h following siRNA transfection, cells were treated
as indicated in the text and processed for Western blot analysis.
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Immunoblot Analysis
Cells were lysed in M-PER mammalian extraction buffer (Pierce, Rockford, IL) containing 1
mM DTT and protease inhibitors. Equal amounts of total protein were electrophoresed by SDS-
PAGE and transferred electrophoretically to a poly(vinylidene difluoride) membrane. Western
blot analyses were performed as described before (38). The blots were probed with antibody
to either GAPDH or actin to control for loading differences.

Site-directed mutagenesis, in vitro translation and caspase cleavage assay
Full-length EE-tagged p70S6K obtained from Dr. Dennis Templeton (40) was cloned into
pcDNA3 and synthesized with the T7 Quick TNT kit (Promega) in the presence of [35S]Met
(38). Labeled proteins were incubated with human recombinant caspase-3 in 50 mM HEPES,
pH 7.5, 0.1% CHAPS, 5 mM dithiothreitol, 10% glycerol, and 0.1 mM EDTA at 37 °C for 1
h. Proteins were separated by SDS-PAGE, and autoradiography was performed with the dried
gel. Caspase cleavage site was mutated using the QuikChange site-directed mutagenesis kit
(Stratagene) and the manufacturer's protocol. Sequences were confirmed by DNA sequencing.

Assessment of Apoptosis by Flow Cytometry
Cells were treated with varying concentrations of cisplatin for 72 h, harvested, washed with
phosphate-buffered saline and fixed in 70% ethanol overnight. Nuclei were then stained with
propidium iodide and DNA content was analyzed using the Beckman Coulter Cytomics FC
500 flow cytometer.

RESULTS
Cisplatin induces downregulation of p70S6K in lung cancer cells

Since p70S6K has been associated with cisplatin resistance, we determined the involvement
of p70S6K in cisplatin-induced apoptosis. We treated human small cell lung cancer H69 and
non-small cell lung cancer A549 cells with different concentrations of cisplatin. Figure 1 shows
that cisplatin treatment caused a concentration-dependent decrease in the level of total p70S6K
with a concomitant increase in a fragment with approximate molecular mass of 45-kDa in both
H69 (Figure 1a) and A549 (Figure 1b) cells. These results suggest that downregulation of
p70S6K by cisplatin may be due to proteolytic cleavage of the full-length protein.

Downregulation of p70S6K is mediated by caspases
To understand the mechanism of p70S6K downregulation, we examined the effect of cell-
permeable inhibitors of proteasomes (MG132), calpains (calpepetin) and caspases (zVAD) on
cisplatin-induced p70S6K downregulation. As shown in Figure 2a, MG132 and calpeptin had
little effect on the processing of p70S6K. However, the broad specificity caspase inhibitor z-
VAD completely prevented the downregulation of full-length p70S6K as well as the generation
of the 45-kDa fragment. These results suggest that cisplatin-induced activation of caspases was
responsible for the proteolytic cleavage of p70S6K.

p70S6K is cleaved by caspase-3
To determine which caspase is responsible for the cleavage of p70S6K, we used cell-permeable
peptide caspase inhibitors against caspase-2, −3, −8 and −9. As seen in Figure 2b, the caspase-3
inhibitor z-DEVD and the caspase-9 inhibitor z-LEHD effectively blocked the cleavage of
p70S6K triggered by cisplatin whereas caspase-2 inhibitor z-VDVAD and caspase-8 inhibitor
z-IETD had modest effects.

Since the peptide caspase inhibitors lack absolute specificity, we used small interfering RNA
(siRNA) to deplete a specific caspase to determine which caspase cleaves p70S6K in intact
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cells. Figure 2c shows that siRNA against caspase-2 and −3 effectively depleted respective
caspases as compared to cells transfected with control non-targeting siRNA. Depletion of
caspase-3 but not caspase-2 prevented downregulation of p70S6K (Figure 2d). Knockdown of
caspase-3 also attenuated cisplatin-induced cleavage of PARP in A549 cells (data not shown).
We have also found that knockdown of caspase-8 or −9 did not prevent proteolytic cleavage
of p70S6K (data not shown).

To directly demonstrate p70S6K as a substrate for caspase-3, we examined the effect of human
recombinant caspase-3 on the cleavage of [35S]-labeled in vitro-translated p70S6K. As seen
in Figure 3, in vitro-translated p70S6K appeared at a higher molecular mass (∼75-kDa) because
it had an EE epitope tag. Treatment of p70S6K with human recombinant caspase-3 resulted in
its cleavage to generate a major fragment above 50-kDa and a smaller fragment of
approximately 20-kDa. Since the N-terminal domain of p70S6K contains the EE-tag, the larger
fragment above 50-kDa is similar to the 45-kDa cleavage product seen when endogenous
p70S6K is cleaved. We also detected a minor band above the larger cleaved fragment. This
could be due to an additional minor caspase-3 cleavage site in p70S6K.

To further confirm the involvement of caspase-3 on cisplatin-induced proteolytic cleavage of
p70S6K in intact cells, we used MCF-7 breast cancer cells that lack functional caspase-3. As
shown in Figure 4a, cisplatin failed to downregulate p70S6K even when MCF-7 cells were
treated with 50 μM cisplatin. However, ectopic expression of caspase-3 in these cells resulted
in downregulation of p70S6K with the emergence of a cleaved band (Figure 4b). These results
unambiguously demonstrate that p70S6K is indeed a substrate for caspase-3.

Caspase-3 cleaves p70S6K after the aspartic acid residue at 393
To determine the functional significance of caspase-3-mediated cleavage of p70S6K, we first
wanted to determine the site at which p70S6K is cleaved. p70S6K did not contain any
consensus caspase-3 recognition motif Asp-Glu-Xaa-Asp. Since Asp-Ser-Pro-Asp396
resembled weak caspase-3 cleavage recognition motif (Asp-Xaa-Xaa-Asp) in the human
p70S6K protein sequence, we first mutated Asp residue at 396 to Ala and determined the ability
of human recombinant caspase-3 to cleave mutant D396A p70S6K. As shown in Figure 5a,
mutation of p70S6K at D396 to Ala did not prevent its cleavage by human recombinant
caspase-3 in the in vitro TNT assay. Based on the molecular size of the cleaved fragment, we
mutated several aspartic acid residues to alanine to identify the potential caspase cleavage site
and examined the ability of cisplatin to induce cleavage of wild-type and mutant p70S6K in
intact cells (Figure 5b). We used EE epitope-tagged p70S6K so that we could differentiate
overexpressed p70S6K from the endogenous p70S6K. We were unable to express p70S6K in
A549 cells; therefore, we introduced wild-type and mutant p70S6K in HeLa cells. As shown
in Figure 5b, antibody against EE epitope detected p70S6K in cells expressing wild-type and
mutant constructs. Cisplatin caused cleavage of EE-p70S6K to generate an N-terminal
fragment that was recognized by the EE antibody. Mutation of Asp residue at amino acid 322,
342, 378, 383 and 397 to Ala did not prevent cisplatin-induced cleavage of p70S6K. However,
mutation of Asp at 393 to Ala (D393A) inhibited the cleavage of p70S6K. These results suggest
that p70S6K is primarily cleaved at the Thr-Pro-Val-Asp↓-Ser site in intact cells.

Cleavage of p70S6K by caspase-3 results in augmentation of cell death
To determine if proteolytic cleavage of p70S6K is important for cisplatin-induced cell death,
we deleted amino acids 394 to 525 of p70S6K [Δ(394−525)] to create the large N-terminal
fragment of the protein (Figure 6a). We introduced pcDNA3 or vector containing wild-type
p70S6K (WT-p70S6K), non-cleavable mutant (D393A) or the N-terminal fragment Δ(394
−525) in HeLa cells (Figure 6b) and treated cells with cisplatin. We have consistently found
that the level of transfected N-terminal fragment was less compared to WT or D393A mutant
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p70S6K. This may be because cells expressing the N-terminal fragment underwent apoptosis
or the truncated p70S6K was less stable inside cells. We quantified apoptosis by the appearance
of sub-G1 peak in a flow cytometer (Figure 6c). Based on the results from three independent
experiments, 3±2% cells appeared in the sub-G1 phase of HeLa cells transfected with an empty
vector, and cisplatin treatment increased apoptotic peak to 20.6±5%. Transfection of wild-type
p70S6K alone had little effect on apoptosis and fraction of cells in the sub-G1 peak increased
from 4.6±2% to 24.9±4% by cisplatin treatment. Overexpression of D393A mutant alone had
little effect on apoptosis and the fraction of cells in the sub-G1 peak was 3.4±1% but it
attenutated cisplatin-induced apoptosis to 15.4±1%. In contrast, ectopic expression of the N-
terminal fragment alone increased apoptotic peak to 11.3±1% and cisplatin treatment further
enhanced the apoptotic peak to 42.7±4%. Thus, cleavage of p70S6K by caspase-3 enhanced
cisplatin-mediated apoptosis.

Since p70S6K is not cleaved in MCF-7 cells which lack caspase-3, we transfected the N-
terminal fragment Δ(394−525) in MCF-7 cells. As shown in Figure 7a, the cells rounded up
and detached from the tissue culture dish when transfected with a vector containing the N-
terminal fragment but not when transfected with the empty vector pcDNA3. Since MCF-7 cells
lack caspase-3 they do not undergo DNA fragmentation. PARP is a substrate for both caspase-3
and −7, and the cleavage of full-length 116-kDa PARP to the 85-kDa cleaved form is a
convenient way to monitor cell death by apoptosis. Figure 7b shows that the level of full-length
PARP decreased substantially with concominant increase in the level of cleaved 85-kDa PARP
when cells were transfected with the N-terminal fragment of p70S6K in MCF-7 cells. Since
MCF-7 cells overexpress p70S6K, we also introduced pcDNA3 or vector containing WT-
p70S6K, non-cleavable mutant D393A or the N-terminal fragment in lung cancer H358 cells.
As shown in Figure 7c, the cleaved fragment of p70S6K but not the caspase cleavage mutant
induced cell death. These results suggest that the cleavage of p70S6K may contribute to cell
death.

DISCUSSION
In the present study, we made a novel observation that p70S6K is a substrate for caspase-3.
While, the best recognized caspase substrates are caspases themselves (13), other caspase
substrates include proteins involved in metabolism, cell cycle, DNA repair, signaling pathways
and human diseases (23-26). The importance of proteolytic processing of various proteins
during apoptosis is well established. Cleavage of certain proteins, such as PARP, DNA-
dependent protein kinase, and lamin B has been causally linked to apoptosis (7,13,14) whereas
cleavage of anti-apoptotic proteins, such as Akt relieves their negative regulation on apoptosis
(27). In addition, cleavage of antiapoptotic proteins, such as Bcl-2 converts them to
proapoptotic proteins (28). We have shown that proteolytic cleavage of p70S6K was important
for apoptosis induced by the DNA damaging agent cisplatin.

The results of our present study demonstrated p70S6K as a substrate for caspase-3. We have
shown that the general caspase inhibitor but not calpain or proteasome inhibitor prevented
cisplatin-induced downregulation of p70S6K. Although peptide caspase inhibitor of caspase-3
effectively inhibited cisplatin-induced processing of p70S6K, inhibitors of other caspases,
especially caspase-9 also attenuated cisplatin-induced cleavage of p70S6K. This may be
because these inhibitors lack absolute specificity. However, knockdown of caspase-3 by siRNA
also inhibited proteolytic cleavage of p70S6K, demonstrating the requirement for caspase-3 in
the cleavage of p70S6K. There is a report suggesting that p70S6K is downregulated in the
presence of Fas ligand in Jurkat cells (29). Since p70S6K downregulation was attenuated in
Jurkat cells containing mutant caspase-8 compared to cells expressing wild-type caspase-8, the
authors suggested that p70S6K downregulation is mediated by caspase-8 (29). We have found
that cisplatin induced cleavage of p70S6K in H69 cells which lack caspase-8, suggesting that
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caspase-8 is not directly involved in the cleavage of p70S6K. Since caspase-8 is an apical
caspase and acts upstream of caspase-3, it is possible that activation of caspase-8 results in the
activation of caspase-3, causing cleavage of p70S6K. Our in vitro cleavage assay with human
recombinant caspase-3 demonstrated that caspase-3 is capable of cleaving p70S6K directly.
Furthermore, treatment with as high as 50 μM cisplatin had no effect on the cleavage of p70S6K
in MCF-7 cells that lack functional caspase-3 but overexpression of caspase-3 in MCF-7 cells
resulted in proteolytic cleavage of p70S6K in response to cisplatin. Cleavage of p70S6K was
observed in several different cell lines, including A549, H69, H358 and HeLa cells and in
response to several different apoptotic stimuli, including cisplatin, doxorubicin, TNF and
TRAIL (data not shown), suggesting that proteolytic cleavage of p70S6K during apoptosis is
a general phenomenon.

Cleavage of substrates by caspases may result in their activation or inactivation but there are
also proteins that are cleaved with the cleavage having no effect on their functions (23,
30-32). These caspase substrates have been described as ‘innocent bystanders’ (24,30). Thus,
to examine the functional significance of caspase-3-mediated p70S6K cleavage, we first
wanted to determine the site at which p70S6K is cleaved. Active caspases cleave key proteins
by recognizing a set of four neighboring amino acids in their substrate termed P4-P3-P2-P1
and have a stringent requirement for aspartic acid at the P1 position (13,25,33,34). Although
p70S6K contained Asp-Ser-Pro-Asp, which had weak resemblance to the caspase-3 cleavage
recognition motif Asp-Glu-Xaa-Asp, the mutation of Asp at 396 to Ala had no effect on
caspase-3-mediated cleavage of p70S6K. Using an antibody that recognizes the N-terminal
domain of p70S6K, we have demonstrated that the cleavage of p70S6K generates a fragment
of an approximate molecular mass of 45-kDa. We have shown that treatment of in vitro
translated p70S6K with human recombinant caspase-3 generated two fragments of
approximate molecular mass 45-kDa and 20-kDa, representing the cleavage of full-length
protein into two fragments. Therefore, we mutated several Asp residues that may serve as
recognition sites for caspase-3, and identified Thr-Pro-Val-Asp↓-Ser as the cleavage site for
caspase-3. The discovery of substrate cleavage by caspase at non-canonical sites is now
becoming increasingly common (35-38). It has been reported that caspase-3 is more tolerant
to variations of the cleavage site and the presence of Asp at the P-4 position is not absolutely
necessary (36). We have, however, detected a minor cleavage fragment above the major N-
terminal cleavage product when in vitro translated EE-p70S6K was incubated with human
recombinant caspase-3 (Figure 3). In addition, we could detect a faint band corresponding to
the cleavage fragment of p70S6K when HeLa cells expressing D393A mutant p70S6K were
treated with cisplatin (Figure 6b). It is conceivable that cleavage of p70S6K at D393 or mutation
of Asp-393 to Ala exposes other caspase cleavage sites as we have seen previously during
caspase-7-mediated cleavage of PKCε (38).

Since p70S6K is cleaved by caspase-3, the cleavage of p70S6K is a part of the apoptotic
process. Our results suggest that the proteolytic cleavage of p70S6K can also contribute to
cisplatin-induced apoptosis in several cell lines. However, it remains to be seen if this is a
general phenomenon or if it is cell type-dependent. The mutation of Asp 393 residue at the
caspase cleavage site to Ala attenuated cisplatin-induced apoptosis. Since the N-terminal
fragment of p70S6K was the major cleavage product, we also generated the N-terminal domain
by deleting the amino acid residues after caspase-3 cleavage site at 393 to directly demonstrate
the importance of proteolytic cleavage of p70S6K on apoptosis. Introduction of the N-terminal
domain alone was sufficient to induce cell death and it further enhanced cisplatin-induced cell
death. p70S6K regulates multiple cellular functions, including cell proliferation, protein
translation and autophagy. Future studies should determine if the ability of the cleaved p70S6K
to enhance apoptosis is due to its ability to influence autophagy. Since proteolytic cleavage of
p70S6K was associated with cell death, a mutation in the caspase cleavage site may result in
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resistance to chemotherapeutic drugs. Alternatively, the signaling pathways that lead to
caspase-3 activation and cleavage of p70S6K may be defective in drug resistant cells.

In summary, we have made several important and novel observations in the present study.
Although the involvement of p70S6K in cell proliferation and protein translation has been
extensively studied, we have provided evidence for its new role in apoptosis. We have identified
p70S6K as a novel substrate for caspase-3. In addition, we have identified a novel non-
canonical cleavage site for caspase-3 in p70S6K. Finally, we have demonstrated that the
proteolytic cleavage of p70S6K can contribute to cisplatin-induced apoptosis.
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1 Abbreviation
CP, cisplatin
mTOR, mammalian target of rapamycin
p70S6K, p70 ribosomal S6 kinase
PARP, poly(ADP-ribose) polymerase
PI, propidium iodide
PKC, protein kinase C
TNF, tumor necrosis factor-α
TRAIL, TNF-related apoptosis-inducing ligand
WT, wild-type
z-DEVD-fmk, benzyloxycarbonyl-Asp-Glu-Val-Asp-7-amino-4-fluoromethylketone
z-IETD-fmk, benzyloxycarbonyl-Ileu-Glu-Thr-Asp-fluoromethylketone
z-LEHD-fmk, benzyloxycarbonyl-Leu-Glu-His-Asp-fluoromethylketone
z-VAD-fmk, benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone
z-VDVAD-fmk, benzyloxycarbonyl-Val-Asp-Val-Ala-Asp-fluoromethylketone
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Figure 1.
Cisplatin induced downregulation of p70S6K in lung cancer cells. H69 (a) and A549 (b) cells
were treated with indicated concentrations of cisplatin for 48 h and 24 h, respectively. Western
blot analysis was performed with total cellular extracts using indicated antibodies. GAPDH
was used as a loading control. Results are representative of three independent experiments.
Arrows indicate cleaved p70S6K band.
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Figure 2.
Cisplatin-induced p70S6K downregulation is mediated by caspase-3. (a), A549 cells were
treated with 10 µM Mg132, 20 µM calpeptin and 20 µM z-VAD for 30 min prior to incubation
with 30 μM cisplatin. (b), A549 cells were treated with 20 μM caspase inhibitors for 30 min
prior to incubation with 30 μM cisplatin. z-VAD, broad specificity caspase inhibitor; z-
VDVAD, caspase-2 inhibitor; z-DEVD, caspase-3 inhibitor; z-IETD, caspase-8 inhibitor; z-
LEHD, caspase-9 inhibitor. Cells were processed following treatment with cisplatin for 24 h.
Western blot analysis was performed with total cellular extracts using indicated antibodies.
GAPDH was used as a loading control. The arrow indicates cleaved p70S6K band. Results are
representative of two independent experiments. (c), A549 cells were transfected with control
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non-targeting siRNA or siRNA SMARTpool against caspase-2 or caspase-3 as described in
“Experimental Procedures.” Western blot analysis was performed with total cellular extracts
using indicated antibodies. (d), A549 cells transfected with control and caspase-2 siRNA were
treated with or without cisplatin for 24 h and Western blot analysis was performed with total
cell extracts. GAPDH was used as a loading control. The arrow indicates cleaved p70S6K
band. Results are indicative of two independent experiments.

Dhar et al. Page 12

Biochemistry. Author manuscript; available in PMC 2010 February 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
In vitro-translated p70S6K is cleaved by caspase-3. EE-tagged p70S6K cloned into pcDNA3
was synthesized with the T7 Quick TNT kit (Promega) in the presence of [35S]Met and
incubated with or without human recombinant caspase-3 as described in the “Experimental
Procedures.” The reaction products were separated by SDS-PAGE and analyzed by
autoradiography. Arrows indicate cleaved p70S6K bands. The results are representative of
three separate experiments.
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Figure 4.
Cisplatin fails to cleave p70S6K in MCF-7 cells. (a), MCF-7 cells were treated with indicated
concentrations of cisplatin. (b), MCF-7 cells were transfected with pcDNA3 vector alone or
vector containing caspase-3 construct and then treated with 25 μM cisplatin for 24 h. Cells
were then processed and Western blot analysis was performed with total cellular extracts using
indicated antibodies. GAPDH was used as a loading control. The arrow indicates cleaved
p70S6K band.

Dhar et al. Page 14

Biochemistry. Author manuscript; available in PMC 2010 February 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Caspase-3 cleaves p70S6K after the aspartic acid residue at 393. (a), In vitro translated wild-
type and D396A mutant p70S6K was treated with human recombinant caspase-3 as described
under legend to Figure 3. (b), HeLa cells were transfected with empty vector (pcDNA3) or
vector containing wild-type or mutant p70S6K. 24 h after transfection, cells were treated with
cisplatin for 18 h. Western blot analysis was performed with total cellular extracts using
indicated antibodies. GAPDH was used as a loading control. The arrow indicates cleaved
p70S6K band. The results are representative of two separate experiments.
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Figure 6.
The proteolytic cleavage of p70S6K by caspase-3 enhanced cisplatin-induced cell death. (a),
A representative cartoon showing the p70S6K mutants that were generated. (b), HeLa cells
were transfected with an empty vector or EE-tagged WT or mutant p70S6K as described under
“Experimental Procedures.” Cells were treated with 2 μM cisplatin for 18 h and Western blot
analysis was performed with antibody against EE epitope. GAPDH was used to control for
loading differences. (c), Nuclei were stained with propidium iodide and analyzed using a flow
cytometer. Results are representative of three separate experiments.
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Figure 7.
The cleavage product of p70S6K enhanced cell death in MCF-7 and H358 cells. MCF-7 (a, b)
or H358 (c, d) cells were transfected with empty vector or vector containing p70S6K constructs.
(a and c), 48 h after transfection cellular morphology was examined under a microscope. (b
and d), Western blot analysis was performed with total cellular extracts using indicated
antibodies. The arrow indicates cleaved PARP. (c) H358 Actin was used as a loading control.
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