
S29 ribosomal protein induces apoptosis in Hep2 cells 

Regular International Journal of Integrative Biology 
A journal for biology beyond borders 

 

ISSN 0973-8363

 
S29 ribosomal protein induces mitochondria mediated apoptosis of 

Hep2 cells via the activation of p38 MAPK and JNK signaling 
 

Neeru Saini 1,†, Jyoti Balhara 1, Yogita K Adlakha 1, Neeta Singh 2,†,* 
 

1 Institute of Genomics and Integrative Biology Mall Road, Delhi, India 
2 Deptt. Of Biochemistry, All India Institute of Medical Sciences, New Delhi, India 

 

  
  

Submitted: 7 Nov. 2008; Accepted: 15 Jan. 2009

Abstract 
Multifunctionality of proteins is one of the mechanisms accounting for the complexity of interactome networks 
in higher eukaryotes. Reports in the literature suggest that during oncogenesis and other pathologic conditions 
many proteins perform additional functions without changes in three dimensional structures. One such 
multifunctional protein is S29 ribosomal protein. The S29 ribosomal protein is not only involved in ribosome 
assembly but its enhanced expression has been shown to possess antitumor properties in NSCLC H520 cells. 
Moreover, S29 ribosomal protein increases tumor suppressor activity of K rev-1 gene on v-K ras-transformed 
NIH3T3 cells. Recently conservation and multifunctional nature of ribosomal protein S29 has urged the search 
for mechanism behind its function. In this study we made an attempt to investigate the antiproliferative potential 
of S29 ribosomal protein on human laryngeal carcinoma cells (Hep2) by  adopting biochemical and proteomic 
approaches. Apoptosis was examined by Hoechst 33342 staining, FACS, increased expression of pro-apoptotic 
protein Bax, decreased expression of anti-apoptotic proteins Bcl-2 and Bcl-xL, release of  apoptogenic 
cytochrome c and activation of initiator and effector caspases followed by cleavage of nuclear substrate poly 
(ADP-ribose) polymerase. There was also non-involvement of p53 in S29 ribosomal protein induced apoptosis. 
p38 and JNK inhibitors significantly protected cells from S29-induced apoptosis. Further, our proteomic results 
also support that JNK and p38 activation appears to play a critical role in S29-induced apoptosis in Hep2 cells. 
These findings demonstrate for the first time the potential of anti-human laryngeal activity of S29 ribosomal 
protein in Hep2 cells. Further this study raises the possibility of using S29 ribosomal protein as a promising 
approach to carcinoma therapy. 
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INTRODUCTION INTRODUCTION 
Carcinoma is a major public health burden in all 
countries (Crowson, 2006). Out of all carcinomas 
laryngeal carcinoma accounts for 25% of head and 
neck carcinoma and 2% of all human malignancies, but 
the incidence varies geographically (Dağli et al., 2004; 
Bianchini et al., 2008). Laryngeal carcinoma especially 
at late-stage is associated with high morbidity and poor 
long-term survival due to the absence of effective 
treatment methods. Chemotherapeutic treatment 
strategies attempt directly to inhibit proliferation of 
carcinoma cells or selectively remove transformed cells 

by inducing apoptosis or eliminating the cause of the 
growth advantage. The efficiency of chemotherapy in 
killing such cells depends on the successful induction 
of apoptosis and defects in apoptosis signaling are a 
major cause of drug resistance. Thus, identification of 
molecules that induce apoptosis and a detailed 
understanding of their apoptotic mechanisms are 
critical to the design of more potent, specific and 
effective carcinoma therapies. 
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Apoptosis is a multistage, highly conserved mechanism 
by which eukaryotic cells commit suicide. Apoptosis 
occurs primarily through two well-recognized 
pathways- intrinsic, or mitochondrial-mediated, and the 
extrinsic, or death receptor–mediated (Zakeri et al., 
2008).  Caspases are indispensable as initiators and 
effectors of apoptotic cell death and are involved in 
many of the morphological and biochemical features of 
apoptosis. Apoptotic caspases can be separated into 
"initiator caspases" such as caspase-8 and -9 that start 
an apoptotic cascade, and "effector caspases" such as 
caspase-3, -6 and -7 that disassemble the cell (Siegel et 
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al., 2002). The extrinsic apoptotic pathway entails 
extracellular ligands (TNF, Fas, TRAIL) stimulating 
cell-surface death receptors that initiate apoptosis by 
activating caspase-8. In contrast, the intrinsic pathway 
is activated by several stimuli and involves the release 
of mitochondrial proteins into the cytosol, such as 
cytochrome c, which is followed by the activation of 
pro-caspase-9 within the apoptosome complex leading 
to cell death (Salvesen et al., 2008; Schimmer et al., 
2001; Sun et al., 1999). 
 
In our previous studies we have shown that S29 
overexpression induces apoptosis in NSCLC H520 
cells (Khanna et al., 2003). The present study is an 
attempt to evaluate the antiproliferative effect of S29 
overexpression on cultured Hep2 cells (human 
laryngeal carcinoma cell line). 
 
S29 ribosomal protein is a component of the 40S 
subunit and a member of the S14P family of ribosomal 
proteins. This protein, contains a C2-C2 zinc finger-like 
domain that can bind to zinc and has been shown to 
enhance the tumor suppressor activity of Ras-related 
protein 1A (KREV1) (Kondoh et al., 1996). The 
existence of the zinc finger in the S14 from archaea and 
in the related S29 from eukaryotes points to an ancient 
origin. Previous reports suggest that this protein has a 
role in regulating apoptosis besides translation (Khanna 
et al., 2000). Adopting biochemical and proteomic 
approaches we made an attempt to investigate the 
antiproliferative potential of S29 ribosomal protein on 
cultured Hep2 cells. Our results show that S29 induces 
apoptosis by increasing Bax, survivin and decreasing 
Bcl-2 and Bcl-xL. We also observed that S29 ribosomal 
protein activated caspase-8, followed by release of 
cytochrome c and subsequently, activation of 
downstream caspases -9 and -3. Our observations also 
show that the release of cytochrome c by S29 ribosomal 
protein was by a mechanism independent of the 
involvement of mitochondrial transition pore. Our 
proteomic results also confirmed the proapoptotic role 
of S29.  Taken together our results indicate that S29 
overexpression induces apoptosis by both the cell death 
pathways in Hep2 cells via activation of p38 MAPK 
and JNK pathway. 

MATERIALS AND METHODS 

Antibodies and Reagents 
Antibodies against Bcl-2, Bax, Bcl-xL, p53, and 
cytochrome c  for Western blotting were all purchased 
from Santa Cruz Biotechnology, CA, USA. Anti-
caspase-9 and anti-PARP (in the form of serum) 
antibodies were purchased from Neo Markers, 
Germany. Caspase-3 assay kit and caspase-8 substrate 
Ac-IETD-AFC were from Pharmingen, San Diego, 

USA. TUNEL assay was performed using DeadEnd 
colorimetric detection Kit from Promega, Madison, 
USA. DNase was obtained from Fermentas, protease 
inhibitors from Sigma, and IPG strips were purchased 
from Amersham Biosciences, Uppsala Sweden . 
UO126 (specific inhibitor of MEK1/2), SP600125 
(specific inhibitor of JNK) and SB203580 (specific 
inhibitor of p38) were purchased from Sigma (St. Louis, 
Missouri, USA).  

Cell culture and treatments 
The human laryngeal carcinoma cell line, Hep2 was 
obtained from National Center for Cell Science, Pune, 
India. The cell line was maintained in DMEM medium 
supplemented with 10% fetal calf serum and antibiotics 
(100U/ml penicillin, 100μg/ml streptomycin) in a 
humidified atmosphere of 5% CO2 in air, at 37 oC. 
Logarithmically growing cells were used for all 
experiments.  

Expression vector 
pcD-S29, an eukaryotic expression vector containing 
the full length S29 ribosomal sequence along with 5’ 
non coding sequence, and empty vector; pcD-X (vector 
from which the S29 coding part had been removed by 
BamH1 digestion and religation) were used for 
transfections.  pcD vector was used for the construction 
of  pcD-S29 (Okayama et al., 1983). In this vector, a 
DNA  fragment containing both the SV40 early region 
promoter and two introns normally used to splice the 
virus 16S and 19S late mRNAs is placed upstream of 
the cDNA cloning site to ensure transcription and 
splicing of the cDNA transcripts. An SV40 late region 
polyadenylation sequence occurs downstream of the 
cDNA cloning site, so that the cDNA transcript 
acquires a polyadenylated 3’ end. This vector also 
ensures that if the cDNA contains the entire protein 
coding sequence, then it can direct the production of 
the relevant protein.  

Transfection of Hep2 cells 
5x104 cells were seeded in 6-well plates, a day before 
transfection. The cells were transfected with 10 μg of 
pcD-S29 vector (containing S29 cDNA fragment) using 
the calcium phosphate co-precipitation method as 
described previously (Khanna et al., 2003). Control 
cells were transfected with pcD-X. Transfection 
efficiency was similar in all experiments as seen by co-
transfection with pEGFP plasmid. After 48 hrs of 
transfection all cells were scored for apoptosis. In 
another set of experiments, 24 h post-transfection, cells 
were treated with cisplatin (2.5 μg/ml) or etoposide 
(10 μg/ml) or TNF-α (10ng/ml)  for 24 h and growth 
inhibition of Hep2 cells was assessed. The 
concentrations of the chemotherapeutic agents used are 
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equivalent to those used for tumorigenic cell lines in 
vitro.  

Detection of apoptosis 

Morphological characteristics 

Apoptotic cell death was evaluated by observing 
morphological changes typical of apoptosis, such as 
cell shrinkage, chromatin condensation, membrane 
blebbing and formation of apoptotic bodies, by light 
microscopy  (Azmi et al., 1997).  

Hoechst DNA Staining 

DNA staining with Hoechst 33342 (Sigma, USA)   was 
performed as described (Galli et al., 1993). Briefly cells 
were fixed (Methanol : acetone, 3:1, v/v), stained with 
Hoechst 33342 (0.1mg/ml in PBS for 10 min at 37 oC), 
washed with water for 5 min, air dried and mounted 
with 50% glycerol in PBS. Cells were observed using a 
Leica Fluorescent microscope.  

TUNEL Assay 

Apoptotic cells were further visualized using DeadEnd 
colorimetric detection system from Promega, Madison, 
USA according to the manufacturer’s instructions. This 
system end labels the fragmented DNA of apoptotic 
cells using a modified TUNEL (TdT- mediated dUTP 
Nick –End Labelling) assay (Khanna et al., 2003).  

Flow Cytometry 

Briefly 2 x 10 6 cells were washed once in Phosphate- 
Buffered Saline (PBS) and fixed in 70% ethanol at -20 
oC overnight. Fixed cells were washed and resuspended 
in a buffer containing 50 μg/ml propidium iodide (PI), 
0.1% sodium citrate, and 1% Triton-X-100. PI stained 
cells were analyzed using a FACScan cytometer 
(Coulter) equipped with an argon laser using Win MdI 
2.8 software (Reddy et al., 2001).  

Annexin-V assay 

Surface exposure of phosphatidylserine in apoptotic 
cells was measured by Guava nexin kit according to the 
manufacturers protocol (Guava Technlogies,Hayward, 
California, USA). Annexin-PE fluorescence was 
analyzed by cytosoft software (Guava Technlogies, 
Hayward, California, USA). 
 
In some experiments, U0126 (specific inhibitor of 
MEK1/2, 20 μM) or SP60015 (specific inhibitor of 
JNK, 10 μM) or SB203580 (specific inhibitor of p38, 
10 μM) or an equivalent volume of DMSO (vehicle 
control) was added to the culture medium 1 h prior to 
S29 overexpression. 6, 12, 24 and 48 h post S29 
overexpression cells were taken for analysis.  

Caspase-3 and -8  activity 

Caspase-3 activity in control and S29 overexpressing 
Hep2 cells was analyzed using caspase-3 assay kit 
according to the manufacturer’s instructions 
(Pharmingen, San Diego, USA). Caspase-3 activity in 
cell lysates was determined fluorometrically using a 
synthetic tetrapeptide fluorogenic substrate Ac-DEVD-
AMC. Fluorescence of the released AMC was 
measured spectrofluorometrically using an excitation 
wavelength of 380 nm and an emission wavelength 
range of 420-460nm. One unit is defined as the amount 
of enzyme required to release 1pmol of AMC per min 
at 37 oC (Khanna et al., 2003). 
 
Caspase-8 was measured using IETD-AFC as the 
substrate. The fluorescence of the released AFC was 
measured with an excitation wavelength of 400nm and 
emission wavelength range of 480-520nm.  

Immunoblot analysis 

The levels of expression of various proteins were 
determined by Western blotting as described previously 
(Singh et al., 1995).  Control and S29 overexpressing 
cells were lysed in RIPA lysis buffer containing 
protease and phosphatase inhibitors. Equal amounts of 
protein extracts were electrophoresed on 12-18% SDS-
Polyacrylamide gels and transferred to a nitrocellulose 
membrane. Following attachment of protein to a 
membrane, a primary antibody is used to selectively 
bind the protein of interest. An alkaline phosphatase 
(AP)-labeled secondary antibody directed against the 
species of origin of the primary antibody is then applied. 
The BCIP/NBT substrate is used and color 
development is done using the BCIP-NBT kit from 
Promega, USA as described by the manufacturer. The 
bands were analyzed and quantitated using a 
‘Fotodyne’ scanning densitometer.  

Detection of cytochrome c release 

Control and S29 overexpressing cells were washed with 
PBS and resuspended in buffer containing 250 mM 
sucrose, 20 mM Hepes-KOH, pH 7.5, 10 mM KCl, 1.5 
mM MgCl2, 1mM EDTA, 1mM EGTA, 1mM 
dithiothreitol, and 0.1 mM phenylmethylsulfonyl 
fluoride. The cells were then homogenized and 
centrifuged three times at 3000g for 10 minutes to 
separate cellular debris and nuclei. The mitochondria-
enriched fraction was pelleted by centrifugation at 
18000g for 15 min. The supernatant was subjected to 
Western blot analysis (Goel et al., 2007).  

Measurement of mitochondrial membrane potential 
by flow cytometry 

Control and S29 overexpressing Hep2 cells were 
incubated with 40nm 3, 3’ dihexyloxacarbocyanide 
iodide (DiOC6(3), Molecular Probes Inc. USA) for 30 
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igure 1: Cellular and nuclear apoptotic morphology after 48 hrs was detected in control and S29 
overexpressing Hep2 cells by Light microscopy (a, d) (200X) and Hoechst 33342 staining (800X) (b, e). 
TUNEL assay (c, f) (200X) was used to distinguish between the condensed chromatin of apoptotic cells 
and the looser chromatin structure in live cells. Panel (g) Shows the flow cytometric profile of Hep2 cells 
which were transfected with either vector alone (mock) or with S29 cDNA as described in materials and 
methods. Each data represent means ± S.E.M. from three independent experiments. *P<0.01 vs vehicle 
control. 

minutes in culture medium at 37 oC, 5% CO2. The cells 
were then washed with ice-cold PBS and collected by 
centrifugation at 200xg. Incorporation of DiOC6(3) by 
Hep2 cells was determined by flow cytometry using 
excitation of a single 488nm argon laser. Cells were 
also analyzed after staining with DiOC6(3) and 
propidium iodide by fluorescence microscopy (Goel et 
al., 2007).  

2-D Electrophoresis 

Control and S29 overexpressing samples were lysed 
with lysis buffer containing 7M Urea, 2M Thiourea, 
40mM Dithiothritol (DTT), 4% CHAPS, Protease 
inhibitor cocktail, 30-40 units DNase and RNase.  
Samples containing 100 μg of protein were applied to 
an isoelectric focusing (IEF) gel electrophoresis. IEF 
was conducted with the IPG strip (4-7 pH, 7 cm). Strips 
were  rehydrated for 10 hrs with equal amount of 
protein  in the rehydration Buffer ( 7M Urea, 2M 
Thiourea, 2% CHAPS and 2% (v/v) IPG buffer (4-7 
pH)). The strips were then isoelectrically focused using 
Ettan IPGphor II system from GE Healthcare. 
Isoelectric focusing Program used was Step-n-hold 
(500V) for 2 hrs, Gradient (3500V) for 1 hr, Step-n-
hold (3500V) for 1 hr, Gradient (5000V) for 1 hr, Step-

n-hold (5000V) for 1.5 hr 
and Step-n-hold (500V) for 
30 minutes. Following 
isoelectric focusing strips 
were equilibrated with 
Equilibration Buffer I (2.0% 
SDS, 6 M Urea, 50mM 
Tris-HCl  pH 8.8, 20% 
Glycerol, 20mg/ml DTT) 
and II (Equilibration buffer 
1 + 25mg/ml Iodoacetamide) 
for 15 minutes. Second 
dimensional electrophoresis 
of the proteins was done 
using mini PROTEAN 
Electrophoresis Cell from 
BIORAD. The gels were 
stained by silver staining. 
The differentially expressed 
protein spots from both the 
samples were picked and 
identified by LC-MS. 
Database search was made 
using MASCOT.  

RESULTS 

Enhanced expression 
of S29 ribosomal 
protein induces 
apoptosis in Hep2 

cells 
Fig. 1 shows the cellular morphology and nuclear 
morphology of control Hep2 cells (left panel a, b) and 
S29 overexpressing Hep2 cells (right panel d, e) as 
analyzed by light microscopy and Hoechst 33342 dye 
respectively. S29 overexpressing cells showed the 
chromatin condensations, nuclear disintegration, 
vacuolization of the cytoplasm, all common features of 
apoptosis as compared to control Hep2 cells which 
appeared to be normal. Fig. 1c and 1f shows in-situ 
DNA fragmentation as measured by the TUNEL 
technique further supporting the above data. 
 
Besides this apoptosis was also quantified by 
measuring the fraction of hypodiploid cells using flow 
cytometry. Fig. 1g shows that 45% ± 0.7% of Hep2 
cells underwent apoptosis, as compared to the control 
cells, which showed 5% ± 1.2% apoptosis. 
 
S29 ribosomal protein activates initiator 
and effector caspases 
Genetic and biochemical data indicate that caspases 
play a pivotal role in the regulation and execution of 
apoptotic cell death and hence we tested the effect of 
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Figure 2: Cell lysates of empty vector and S29 overexpressing Hep2 cells 
were assayed for  caspases-3 (a) or caspases-8 (b) activity by fluorometric 
assay as described in materials and methods. Panel (c) shows the 
immunoblot analysis  of protein expression of pro-caspase-9 and PARP in 
empty vector and  S29 overexpressing Hep2 cells.  Probing with actin 
ensured equal loading of proteins. 
Each data represent means ± S.E.M. from four independent experiments. 
*P < 0.04 compared to vehicle control. 

S29 ribosomal protein on them. We focused our 
attention on both receptor and non-receptor mediated 
caspases. We observed that there was 8 fold (p=0.03) 
increase in caspase-8 activity after S29 overexpression 
as compared to controls Hep2 cells (Fig. 2). Our 
immunoblot analysis for capase-9 showed 2.5 fold (p 
<0.05)  decrease in  pro-caspase-9 (46 kDa band) levels 
in S29 overexpressing Hep2 cells as compared to 
controls thereby indirectly suggesting that  caspase -9 
might also be playing a role in S29-induced apoptosis. 
Fig. 2 shows that S29 overexpression resulted in a 
moderate but significant (p <0.05) increase in caspase-3 
activity as compared to the controls Hep2 cells.  PARP 
is a well known substrate for caspase-3 and -7 
(Germain et al., 1999; Tewari et al., 1995) and 
cleavage of this nuclear protein is one of the 
biochemical hallmarks of apoptosis. In Fig. 2, in 
control Hep2 cells, the native 116 kDa band of PARP 
was detected by immunoblotting  however, in S29 
overexpressing cells, there was significant decrease of  
the 116 kDa band,  accompanied by a 2 fold (p =0.013)  
increase in the 89 kDa cleavage product. These results 
clearly indicate the involvement of caspases in S29-
induced apoptosis in Hep2 cells.  

S29 overexpression induces Hep2 cell 
apoptosis possibly through MAPK / 
mitochondrial pathway 
A growing body of literature suggests the possible 
involvement of some signaling pathways in carcinoma 
cell apoptosis. The balance between pro-apoptotic and 
anti-apoptotic members determines apoptosis or 
survival. Bax can promote the release of cytochrome c 
into the cytosol from mitochondria, which in turn 
activates caspase-3, one of the key executioners of 
apoptosis. Activated caspase-3 then cleaves specific 
substrates and leads to apoptotic cytosolic and nuclear 
changes. Evidence also suggests that MAPKs   
comprising ERK, p38 MAPKs, and c-Jun N-terminal 
kinase (JNK), might also regulate cell apoptosis (Pei et 
al., 2008).  To better understand the precise 
mechanisms underlying S29-induced apoptosis of Hep2, 
we checked for Bcl-2, Bcl-xL, Bax, p53,  caspase-3 and 
cytosolic cytochrome c levels by Western blot analysis. 
Fig. 3 showed that the basal level of Bcl-2 was high in 
Hep2 cells and its expression was significantly reduced 
(3 fold, p <0.05) in S29 overexpressed Hep2 cells.  The 
basal level of Bcl-xL was found to be low in Hep2 cells 
and this was further decreased by 2 fold (p =0.026) on 
S29 overexpression as compared to the control. Low 
levels of Bax were seen in control and S29 
overexpression significantly increased the Bax levels 
by 2.5 fold (p <0.05)   (Fig. 3a). However, no change in 
p53 protein expression was observed in S29 
overexpressing Hep2 cells (data not shown). Forty-
eight hrs post-transfection, S29 overexpressing Hep2 
cells showed a significant increase of cytochrome c by 
by 2 fold (p =0.017) in the cytosolic fraction as 
compared to control Hep2 cells. We next looked  for 
the disruption of  mitochondrial membrane. The pattern 
of the fluorescence of DiOC6(3) taken up by control 
Hep2 cells showed a peak with higher fluorescence 
representing cells with intact high mitochondrial 
membrane potential (Fig. 3b). We also observed that 
the peak of DiOC6(3) in the S29 overexpressing cells 
remained unaltered, thereby ruling out the involvement 
of mitochondrial membrane potential in S29-induced 
apoptosis. In order to address whether the activation of 
the MAPK signaling pathway was involved in S29-
induced apoptosis we used specific inhibitors U0126 
(specific inhibitor of MEK1/2, 20 μM) or SP600125 
(specific inhibitor of JNK, 10 μM) or SB203580 
(specific inhibitor of p38, 10 μM) and did annexin V- 
assay.. As shown in figure 3c, at 48 h SP600125 and 
SB203580 pre-treatment significantly decreased S29-
induced apoptosis (cell death was decreased from 47.9 
% (for S29 overexpressing cells)  to 29.4 %  (with 
SP600125 pre-treatment ) and 11.3% (with SB203580 
pre-treatment)). At 48 h pre-treatment with U0126 did 
not offer significant protection against S29 induced cell 
death but at 24 h we could see the augmentation of 
S29-inudced apoptosis in presence of U0126. Our these 

International Journal of Integrative Biology                                            IJIB, 2009, Vol. 5, No. 1, 53  
© IJIB, All rights reserved 

 



S29 ribosomal protein induces apoptosis in Hep2 cells 

 
 
Figure 3: a) Cells were harvested, lysed and the immunoblot analysis  was performed  for Bax, Bcl-2,  Bcl-
xL, Survivin, cytochrome c and actin in empty vector and S29 overexpressing Hep2 cells  as described under 
materials and methods. There was no difference in transfection efficiency among groups. Probing with actin 
ensured equal loading of proteins. development is done using the BCIP-NBT kit from Promega, USA. 
Positions of molecular mass markers are indicated at the right. The experiment was repeated three times and 
similar results were obtained.  
 
b) Mitochondrial uptake of DiOC6(3) is unchanged during S29-induced apoptosis. Mitochondrial membrane 
potential of Hep2 cells which  were transfected either with an empty control vector (mock) or with vector 
containing  S29 cDNA was done by  flow cytometric analysis with excitation at 488nm and the resulting 
emission at 530 nm.  S29 overexpression had no effect on dye retention by the mitochondria. Data shown are 
the average of three independent experiments performed in  duplicate. 
 
c) Quantification of apoptosis with Annexin V- assay. (Time course)  Asterisks (**) indicate the statistical 
significance of reduced apoptosis after transfection with the S29 ribosomal protein compared to the S29 
overexpressing Hep2 cells alone (*, P 0.05). UO126 (specific inhibitor of MEK1/2), SP600125 (specific 
inhibitor of  JNK) and SB203580 (specific inhibitor of p38). Graph shown is representative of three 
independent experiments with similar results. 

results are in accordance to our Western blot data 
where we have seen down-regulation of p-ERK and up-
regulation of p-JNK and p-38 after S29 overexpression 
(data not shown). 

S29 ribosomal protein- a better apoptotic 
agent 
Next we compared the apoptotic effect of S29 
ribosomal protein with the known chemotherapeutic 
agents. As shown in Figure 4, we observed that 
cisplatin, etoposide and TNF-α by themselves induced 
21.69%, 23.97% and 12.9% apoptosis as compared to 
S29 ribosomal protein which induced 37.49% cell 
death. Our data suggests that overexpression of the S29 
ribosomal protein compares favorably with several 
chemotherapeutic agents at the tested concentrations. 

S29 overexpression 
causes differential 
expression of the 
proteome 

Two-dimensional 
electrophoresis of 
proteins extracted from 
Control and S29 
overexpressing Hep2 
cells was performed to 
find proteins associated 
with the S29 mediated 
apoptosis. Silver staining 
was done to visualize the 
spots on gel. After 48 hrs 
of transfection, many 
uniquely and 
differentially expressed 
(>50) proteins were 
observed (Fig. 5). 
Approximately 19 spots 
were down-regulated  and  
~22 spots were up-
regulated in the 
transfected samples as 
shown in fig. (marked by 
circles).    Randomly ~10  
protein  spots ( 5 uniquely 
expressed and 5 
differentially expressed 
proteins) were  excised 
and  digested  with  
trypsin, identified by LC-
MS and analyzed by 
Mascot as listed in Fig. 5f.  
We found Lactate 
dehydrogenase, Nuclear 

Chloride Ion Channel 27, Glutathione-S-Transferase 
Mu3, Prohibitin and one hypothetical protein to be 
uniquely expressed in control Hep2 cells. One of the 
survival supporting proteins proliferating cell nuclear 
antigen (PCNA) was found to be highly expressed in 
control Hep2 cells as compared to S29 overexpressing 
cells. Aldose reductase and one hypothetical protein 
was found to be significantly increased in S29 
overexpressing cells as compared to control Hep2 cells.  

DISCUSSION 
Ribosomal proteins are the components of ribosome, 
which also exhibit various secondary functions in DNA 
repair, apoptosis, drug resistance and proliferation. 
Recently many studies have identified several 
mechanistic links between the regulation of translation 
and the process of apoptosis (Johnson et al., 2008; 
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Figure 4: Percentage apoptosis as observed in control and S29 overexpressing as assessed by flow cytometry. 
(a) Control Hep2 cells (b) S29 overexpressing Hep2 cells after 24  hrs (c) cisplatin treatment for 24 hrs, (d) 
etoposide treatment for 24 hrs (e) TNF-α  treatment for 24 hrs. Experiment shown was performed in triplicate 
and similar results were found. 
 
 

 
 
Figure 5: Proteomic analysis of control and S29 overexpressing Hep2 cells was done. 2 D Electrophoresis 
was done on using 7 cm  isoelectric focusing strips of pH 4-7 purchased from Amersham Biosciences. More 
than 50 differentially expressed proteins were observed. Randomly5 uniquely expressed and 5 differentially 
expressed proteins were selected and identified by LC-MS and database search was made using MASCOT. 
(a) showing 2-D gels of control and S29 overexpressing samples. (b) showing spot no. 1. (c) showing spot no. 
2. (d) showing spot no. 3,4,5 and 6.(e) shows spot no.19 and 20. (e) shows the details of spots in detail. 
Experiment shown was performed in triplicate and similar results were found. 

Wool et al., 1996; Neumann et al., 1997; Chen et al., 
1999). In numerous carcinomas, it has been found that 
protein synthesis rates and the expression of several 

translation components 
are often significantly 
elevated, indicating the 
potential importance of 
ribosome function and 
translational control in 
tumor progression (Henry 
et al., 1993). 
 
In our previous study we 
found ribosomal protein 
S29 (RPS29) to have pro-
apoptotic activity and that 
enhanced expression of 
S29  is able to induce 
apoptosis in NSCLC 
H520 cells (Khanna et al., 
2003; Khanna et al., 
2000), however, there is 
no available information 
on the effect of  RPS29 
on the human laryngeal 
carcinoma. In the present 
study we adopted 
biochemical and 
proteomic approaches to 
investigate the 
mechanism of action of 
S29 on the human 
laryngeal carcinoma cells 
(Hep2). 
 
From our findings it 
appears that although in 
S29 overexpressing Hep2 
cells there was activation 
of both caspase-8 and 
caspase-9, but the 
increase was much more 
incase of caspase-8 than 
caspase-9. Our data also 
demonstrates that S29 
triggers release of 
cytochrome c from 
mitochondria to cytosol, 
which in turn activates 
downstream caspase-3 
followed by cleavage of 
its substrate, PARP. As 
we found significant 
increase in caspase-8 
activity, increased Bax, 
release of cytochrome c 
and increased caspase-9 
activity after  S29 
overexpression one can 

speculate that caspase-8 might be cleaving Bid which 
might be linking the two apoptosis pathways. The 
analysis of our results suggests that S29 induces 
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apoptosis in Hep2 by both the apoptotic pathways; 
extrinsic, or death receptor-mediated, and the intrinsic, 
or mitochondrial-mediated. 
 
Our present findings also show that there is down-
regulation of Bcl-2, Bcl-xL and upregulation of Bax by 
S29 overexpression. In accordance with these findings 
there are reports in the literature (Narita et al., 1998; 
Eskes et al., 1998) where it has been shown that the 
pro-apoptotic members (like bax) induce apoptosis by 
forming pores in outer mitochondrial membrane, 
causing release of cytochrome c into cytosol and the 
anti-apoptotic members Bcl-2, Bcl-xL act by stabilizing 
the mitochondrial membrane and inhibiting cytochrome 
c release (Choi et al., 2008; Liu et al., 2008). Our 
results also indirectly suggest that S29-induced 
apoptosis is not characterized by membrane potential 
loss since we observed unaltered mitochondrial 
membrane potential before and after S29 
overexpression. In conjunction to our findings, Grubb 
(Grubb et al., 2001) also showed that Didenium 
induced apoptosis is associated with cytochrome c 
release but does not involve mitochondrial permeability 
transition. 
 
We have previously shown that S29 induces apoptosis 
in NSCLC H520 cells by modulating apoptosis related 
proteins (Khanna et al., 2003). However, there is no 
available information on the effect of RPS29 on MAPK 
pathways. Hence, the contributions to RPS29- induced 
cell death of mitogen-activated protein (MAP) kinase 
family members, including ERK (extracellular signal-
regulated kinase), JNK (c-JUN NH -terminal protein 
kinase), and p38, were examined after S29 
overexpression in Hep2 cells. S29 overexpression led 
to activation of the JNK and p38  and inhibition of 
ERKs. The inhibition of ERK and the concomitant 
activation of SAPK/JNK and p38 kinase has been 
reported in apoptosis of nerve growth factor-deprived 
PC12 cells (Xia et al., 1995), Fas-stimulated Jurkat 
cells (Juo et al., 1997), and UV-irradiated mouse 
fibroblasts (Berra et al., 1997). 
 
To assess the mechanisms of action in a more 
comprehensive manner and to identify other markers of 
apoptosis, we determined changes in the proteome of 
Hep2 cells after 48 hrs of S29 overexpression. We 
observed that many of the proteins found to be 
regulated after S29 overexpression can be linked to 
proapoptotic and antiapoptotic activities. Lactate 
Dehydrogenase, a prime target enzyme in assaying 
dead cells (Wolterbeek et al., 2005; Haslam et al., 
2000), is released by dying cells but is intact in live 
cells. It’s no expression after S29 overexpression 
clearly states that there are more of dead cells in the 
transfected samples than in control cells. The Mu class 
of Glutathione–S-transferase enzymes functions in the 
detoxification of electrophilic compounds. There are 
reports (Black et al., 1991) which say that GST 

metabolizes etoposide and cisplatin by conjugation 
with glutathione. According to our proteomic analysis, 
GST Mu is more expressed in controls than in  the S29 
overexpressing cells. One can speculate that if S29 
decreases the concentration of GST-Mu, then S29 
overexpression might enhance the sensitivity of Hep2 
cells towards chemotherapeutic drugs. We also 
observed that S29 overexpression increases Hep2 cells 
sensitivity to Cisplatin and Etoposide, (data not shown)  
(Black et al., 1991).  Greater expression of PCNA and 
prohibitin in the control Hep2 cells further supports the 
pro-apoptotic nature of S29 ribosomal protein 
(Chowdhury et al., 2007; Taurin et al., 2002; Fusaro et 
al., 2002; Leonardi et al., 1992 ). We also observed the 
difference in the expression of Aldose reductase in 
control and S29 overexpressing cells. Its increased 
expression in the apoptotic samples goes parallel to the 
previously reported literature where it has been shown 
that overexpression of aldose reductase gene induces 
apoptosis (Hamaoka et al., 1999). In conclusion our 
data suggests that S29 ribosomal protein may provide a 
useful new therapeutic strategy for laryngeal carcinoma. 
However, future in vivo animal studies should help 
determine its therapeutic efficacy in treatment of 
laryngeal carcinoma. 
 
Our study suggests that overexpression of the S29 
ribosomal protein compares favorably with several 
chemotherapeutic agents at the tested concentrations. In 
the current study we show the potential of S29 
overexpression as a therapeutic treatment for human 
laryngeal carcinoma.  
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