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  Purpose: Sodium butyrate (NaBT) is principally a his-
tone deacetylase (HDAC) inhibitor, and it has the poten-
tial to arrest HPV-positive carcinoma cells at the G1 to 
S phase transition of the cell cycle. The aim of study was 
to determine whether phosphatidylinositol 3-kinase 
(PI3K) inhibition can enhance the inhibitory effect of 
NaBT on a human cervical cancer cell line (HeLa). 
  Materials and Methods: Cervical cancer cells (HeLa) 
were treated with NaBT alone or in combination with the  
PI3K inhibitors wortmannin or LY294002. Cell viability 
analysis and FACS analysis were carried out. The ex-
pressions of the cell cycle related proteins were evalu-
ated by W estern-blot analysis. 
  Results: Inhibition of PI3K enhanced NaBT-mediated 
apoptosis and this decreased the HeLa cell viability. 
Either wortmannin or LY294002, combined with NaBT, 
enhanced the activation of caspase 3 and caspase 9, and 
this enhanced the subsequent cleavage of poly (ADP- 

ribose) polymerase (PARP). Cervical cancer cells were  
arrested in the subG1 and G2/M phase, as was detected 
by FACS analysis. NaBT treatment in combination with 
PI3K inhibitors showed the increased expression of the  
CDK inhibitors p21Cip1/W af1 and p27Kip1, in a p53 dependent 
manner, and also the increased dephosphorylation of Rb 
whereas there was a reduction in the expression levels 
of cyclin A, cyclin D1 and cyclin B1.
  Conclusion: The results demonstrate that inhibition of 
PI3K enhances NaBT-mediated cervical cancer cell apop-
tosis through the activation of the caspase pathway. 
Moreover, these findings will support future investigation 
using the PI3K inhibitors in combination with adjuvant 
treatment for treating carcinoma of the cervix. (Cancer 
Res Treat. 2006;38:112-117)
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INTRODUCTION

  Cervical cancer is the second most common cancer among 
women according to the most recent estimates of the global 
cancer incidence, and it remains a significant health care pro-
blem throughout the world. Radiation therapy plays a pivotal 
role in the treatment of advanced-stage cervical cancer. How-

ever, roughly 40% to 95% of the women diagnosed with 
advanced-stage cervical cancer will succumb to their disease 
(1,2). The intracellular communication pathways leading to pro-
motion of tumor growth, mitotic cell death or apoptosis provide 
promising targets for intervention in the complex process of 
radiosensitization.
  Among gynecologic cancers, a role for phosphatidylinositol 
3-kinase (PI3K) in cervical carcinogenesis has been recently 
suggested. PI3K is a down-regulator of the Ras signaling path-
way and it is a ubiquitous lipid kinase that's involved in recep-
tor signal transduction by the tyrosine kinase receptor. P13K 
is involved in a number of diverse cellular processes such as 
growth and transformation, membrane ruffling, vesicular tra-
fficking and cell survival (3～5). PI3K catalyzes the phosphory-
lation of the inositol ring at the D3 position in a variety of 
phosphoinositide substrates to form 3-phosphorylated phospho-
inositides (6). The mutated ras protoncogene drives cell prolife-
ration and it suppresses the apoptotic pathways through the 
PI3K pathways. Furthermore, a mutation in the Ras gene and 
the overexpression of PI3K have been shown to coexist with 
oncogenic HPV in cervical cancer, and this promotes a faster 
progression of HPV immortalized epithelial cells to become 
invasive tumors. All these findings suggest that the persistently 
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high-level expression of the E6 and E7 genes in cervical epi-
thelial cells and the mutual assistance from the cellular factors 
that exist in many forms are essential for driving complete 
tumor progression in vivo (7). 
  Sodium butyrate (NaBT) is a naturally occurring fatty acid 
that is a sodium salt of n-butyric acid, and it has the capacity 
to induce apoptosis in transformed cells (8). NaBT is princi-
pally a histone deacetylase (HDAC) inhibitor with the potential 
to arrest HPV-positive carcinoma cells in the G1 to S phase 
transition of the cell cycle, and this process is paralleled by an 
up-regulation of the cyclin dependent kinase inhibitors (CKIs) 
p21Cip1/Waf1 (p21) and p27Kip1 (p27) and a complete loss of cdk2 
activity, as well as there is an increase in the concentration of 
free E2F, which prepares the cell to undergo apoptosis (9). 
NaBT was shown to be effective for reducing cell proliferation 
and inducing apoptosis in breast cancer cells, the human colo-
nic tumor cell lines and the HeLa cervical carcinoma cell lines 
(10～12). However, the clinical trials that have evaluating 
NaBT as a therapeutic agent for treating malignancies have 
yielded disappointing results, mostly because of its short bio-
availability, which ranges between 5～6 min in the plasma (13). 
For this reason, we postulate that PI3K inhibition can augment 
the differentiation of cervical cancer cells that's induced by 
NaBT. 
  In this study we set out to analyze the effect of NaBT on 
the in vitro grown cervical cancer cell line HeLa, in combi-
nation with the PI3K inhibitors wortmannin or LY294002. 
Furthermore, we also determined the cell viability, the expre-
ssion levels of various cell cycle regulatory proteins, the cell 
cycle stages and the induction of apoptosis.

MATERIALS AND METHODS

    1) Cell culture and chemicals

  The human cervical carcinoma cell line HeLa was obtained 
from the American Type Culture Collection (Rockville, MD). 
HeLa cells were cultured in DMEM medium. All the media 
was supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin and 100 g/ml streptomycin. NaBT and wortmannin 
were purchased from Sigma (St. Louis, MO), and LY294002 
was obtained from Calbiochem (San Diego, CA). The anti-
bodies (p27, p21, p53, pRb, beta-tubulin, CDK2, CDK4, cyclin 
A, cyclin E, cyclun B1 and cyclin D1) used for detection were 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA). 
The Immobilon P membranes for Western blotting were from 
Millipore Corp. (Bedford, MA), and the X-ray film was pur-
chased from Eastman Kodak (Rochester, NY). The enhanced 
chemiluminescence system for Western immunoblot analysis 
was purchased from Amersham (Arlington Heights, IL).

    2) Cell viability assay

  MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 
bromide) assay was done to determine the viability of cells 
when they were treated with NaBT alone or when they were 
treated with a combination of NaBT and the PI3K inhibitor 
wortmannin. The HeLa cells were seeded at a density of 5× 
103 cells in 0.2 ml of media that was supplemented with 10% 
FBS in each well of a 96 well plate. NaBT was added at 

various concentrations one day after inoculation and the cells 
were incubated for 24 hours. Cellular viability was evaluated 
based on the reduction of MTT to formazan. After incubation 
for 4 h with MTT (0.5 mg/ml) at 37oC and then isopropanol- 
HCl treatment, the absorbance of the solubilized MTT for-
mazan products was measured at 570 nm. From this, the con-
centration of NaBT was selected that showed maximum reduc-
tion in cell viability. Various concentration of wortmannin was 
added with the selected concentration of NaBT, and the cell 
viability was evaluated as described above.

    3) Cell cycle analysis

  Flow cytometry was performed tg ascertain the effects of 
NaBT and the combinations of NaBT with wortmannin or 
LY294002 on the cell cycle distribution of HeLa cells.
  1×106 

cells/10 ml media were treated with various concent-
rations of sodium butyrate and a selected concentration of 
sodium butyrate with various concentrations of wortmannin and 
LY294002. The treated cells were pelleted by low-speed centri-
fugation and the pellet was resuspended with PBS. The cells 
were fixed overnight at 4

oC in ice-cold 70% ethanol. The fixed 
cells were harvested by centrifugation, resuspended in PBS that 
contained RNase A (100μg/ml) and propidium iodide (50μg/ 
ml). The ethanol-fixed and propidium iodide-stained cells were 
analyzed for their DNA content in a FACS sort flow cytometer 
(Becton Dickinson Immunocytometry Systems, San Jose, CA) 
(BDIS). Data analysis was performed using CellQuest (BDIS) 
and Modfit software (Verity Software House, Topsham, ME).

    4) Protein preparation and Western blot analysis

  Total protein extracts were prepared from the cells treated 
with sodium butyrate and a combination of sodium butyrate 
with wortmannin or LY294002. The cells were lysed in lysis 
buffer that contain 10 mM Tris (pH 7.4), 5 mM EDTA, 130 
mM NaCl, 1% Triton X-100, PMSF (10μg/ml), leupeptin (10 
μg/ml), aprotinin (10μg/ml), 5 mM phenanthroline and 28 
mM/L benzamidine-HCl at 4

o
C for 30 min. The lysates were 

clarified by centrifugation (10,000×g for 30 min at 4oC), and 
the protein concentrations were determined using Bio-Rad Pro-
tein Assay Reagent (Bio-Rad, Richmond, CA) and by following 
the manufacturer's suggested procedure. Briefly, the total 
protein (100μg) was resolved on an 8～12% polyacrylamide 
gel and it was transferred to Immobilon-P nylon membranes 
(Millipore, Bedford, MA). The filters were incubated overnight 
at 4oC in a blocking solution (Tris-buffered saline containing 
5% nonfat dried milk and 0.1% Tween 20), and this was 
followed by a 1 h incubation with the primary antibodies. The 
filters were washed three times in a blocking solution and then 
they were incubated with horseradish peroxidase-conjugated 
second antibodies for 1 h. After three additional washes, the 
immune complexes were visualized by the enhanced chemilu-
minescence detection system. The antibodies used for detection 
were purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA) tubulin was used as a loading control.

    5) Statistical analysis

  The statistical significance of the difference between the 
inter-group comparisons was obtained by using Student’s t-test. 
The data were expressed as means±SDs, and they were repre-
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Fig. 2. Effect of a treatment with NaBT alone or NaBT with wortmannin or LY294002 treatment on the cell cycle profile. After treatment 
for 24 h with 5 mM/L NaBT alone or DMSO only or 5 mM/L NaBT with 400 nM/L wortmannin or 20μM/L LY294002, the HeLa 
cells were collected, fixed, stained with propidium iodide and analyzed by flow cytometry. The values represent the number of cells in 
a phase of the cell cycle as a percentage of the total cells.

Fig. 1. Growth inhibition in the HeLa cells treated for 24 h with 
a combined concentration of NaBT with the PI3K inhibitor (wort-
mannin). Cell viability was measured using the Cell Titer Cell Pro-
liferation Assay and the results are expressed as a % of the control 
culture conditions. *p＜0.05, 

†p＜0.01.

sentative of at least three independent experiments. p values
＜.05 were deemed statistically significant.

RESULTS

    1) Reduced cellular viability in the HeLa cells treated 
with sodium butyrate and PI3K inhibitor

  HeLa cells were treated for 24 h with various concentrations 
of sodium butyrate alone and then combinations of NaBT and 
a PI3K inhibitor. The cell viability was scored by MTT assay 
and then compared with the control. Cell growth was markedly 
inhibited by sodium butyrate at a 5 mM/L concentration. This 
served as the combination concentration of sodium butyrate 
with PI3K inhibitors (wortmannin or LY294002) in the rest of 
the experiments. Co-treatment of sodium butyrate and wort-
mannin was very effective in inhibiting growth, and this was 
more than using sodium butyrate alone. Wortmannin at a 400 
nM/L concentration showed the maximum reduced cellular 
viability (Fig. 1).
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Fig. 3. Effects of PI3K inhibitors and NaBT on the cell cycle- 
related genes. HeLa cells were treated for 24 h with 5 mM/L NaBT 
alone or DMSO only or with 5 mM/L NaBT with 400 nM/L wort-
mannin or 20μM/L LY294002. The whole cell lysates were pre-
pared and they were used for the detection of each protein expre-
ssion using antibodies against p21

Cip1/Waf1, p27Kip1, pRb and p53 by 
Western blot analysis. β-tubulin was used as an internal control. 

Fig. 4. Effects of PI3K inhibitors and NaBT on cyclins and cdks. 
The whole cell lysates were prepared and used for the detection 
of each protein expression with using antibodies against CDK2, 
CDK4, cyclin A, cyclin B1, cyclin D1 and cyclin E by Western 
blot analysis. β-tubulin was used as an internal control. 

Fig. 5. Effects of PI3K inhibitors and NaBT on caspase activation 
and PARP cleavage. The whole cell lysates were prepared and 
used for the detection of each protein expression with using 
antibodies against caspase 3, caspase 9 and PARP by Western blot 
analysis. β-tubulin was used as an internal control. 

    2) Inhibition of PI3K enhanced NaBT-mediated apop-
tosis in HeLa cells 

  Perturbations in the cell-cycle progression of HeLa cells were 
associated with exposure to sodium butyrate, wortmannin 
andLY294002. The cell-cycle distribution of the HeLa cells 
treated with sodium butyrate and PI3K inhibitors was assessed 
by flow cytometry. The histogram of the HeLa cells treated 
with sodium butyrate and sodium butyrate with wortmannin or 
LY294002 revealed increased an percentage of cells in the sub 
G1 and G2/M phase. At a 5 mM/L concentration, sodium 
butyrate induced the maximum sub G1 arrest. Combinations of 
sodium butyrate with wortmannin or LY294002 also showed 
sub G1 arrest and as predicted, the combinational treatment was 
more effective than the individual effect of the respective 
compounds (Fig. 2). 

    3) Sodium butyrate and PI3K inhibitors induced up- 
regulation of CDK inhibitors

  Western blot analysis revealed the expression of various cell 
cycle and apoptosis-related proteins. The increased expressions 
of p21 and p53 and the dephosphrylation of pRb were detected 
in the HeLa cells treated with 5 mM/L concentrations of 
sodium butyrate alone. HeLa cells treated with sodium butyrate 
and PI3K inhibitors revealed the increased expressions of p21, 
p27 and p53 compared to treatment with sodium butyrate alone. 
However, co-treatment of sodium butyrate with LY294002 
showed a less increased expression of p21, p27 and p53 com-
pared to treatment with sodium butyrate alone. Dephosphory-
lation of pRb was also noted during the treatment with sodium 
butyrate and PI3K inhibitors (Fig. 3). The expression levels of 
these proteins were well correlated with the increase in the sub 
G1 fraction. The amount of cdk2 was not affected by sodium 
butyrate alone or with co-treatment with PI3K inhibitors. The 
reduced expressions of cyclin A, cyclin B1, cyclin D1 and cdk4 

were detected with the treatment of sodium butyrate alone and 
or with co-treatment with PI3K inhibitor. However, the in-
creased expression of cyclin E was detected (Fig. 4). 

    4) Caspase activation and PARP cleavage in the HeLa 
cell death induced by a cotreatment of sodium 
butyrate and PI3K inhibitiors

  In order to determine the molecular mechanisms of cell death 
that’s induced by these agents on HeLa cells, the activation of 
caspases and the PARP cleavage were evaluated. As shown in 
Fig. 5, the combination of sodium butyrate and PI3K inhibitors 
resulted in enhanced activation of caspase 9 and 3. In addition, 
the cleavage of PARP was noted (Fig. 5). Taken together, these 
results demonstrate that the initiator caspase 9 and the effector 
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caspase 3 are involved in mediating the augmented induction 
of apoptosis in the HeLa cells co-treated with sodium butyrate 
and the PI3K inhibitors. 

DISCUSSION

  Although HPV infection is the main factor associated with 
cervical carcinoma, additional factors are needed for the 
development of cervical cancer (14). Increased PI3k activity 
plays an important role in the increased proliferation and sur-
vival of various cancers, including cervical cancer. To unravel 
the molecular mechanism of sodium butyrate inhibition on 
human papillomavirus (HPV)-transformed cells, we used a HPV 
18-positive cervical carcinoma cell line (HeLa).
  In this study we demonstrated that inhibition of the PI3K/Akt 
pathway enhances sodium butyrate-induced apoptosis in the 
cervical carcinoma cell line (HeLa) in vitro. Either wortmannin 
or LY294002 in combination with NaBT increased the activa-
tion of caspase-9 and caspase-3 and the subsequent cleavage 
of PARP in the HeLa cells. These findings suggest that those 
agents targeting the PI3k pathway may represent a novel adju-
vant therapy for the treatment of cervical cancers. The increased 
activity of both PI3k and the downstream protein Akt/PKB 
suggests a role for this pathway in enhanced cancer cell sur-
vival (15～17). In fact, PI3k activity was increased both in 
cervical cancer and in the cervical cancer cell lines due to the 
amplification of chromosome arm 3q, which is the most 
consistent aberration seen in cervical cancer (18). In this study, 
we did not identify an obvious inhibitory effect for either 
wortmannin or LY294002, when they were used as single 
agents, on the in vitro growth of the HeLa cells. In contrast 
to treatment with the PI3k inhibitors alone, the combination of 
PI3k inhibitors with the short chain fatty acid sodium butyrate 
enhanced apoptosis, as was demonstrated by the increased 
number of cells in the sub G1 phase of the cell cycle and also 
by the reduced cell viability. In addition, the combination of 
wortmannin and sodium butyrate increased the activities of 
caspase-9 and caspase-3 and also the rate of PARP cleavage. 
In the present study, we show that sodium butyrate can 
efficiently abrogate G1 to S transition. As a consequence, pro-
grammed cell death is induced, which we confirmed by the 
increased number of cells in the sub G1 phase of the cell cycle. 
In detail, by monitoring the cell cycle regulatory proteins, it 
became evident that sodium butyrate can modulate the expre-
ssion of both cyclins and cyclin-dependent kinase (cdk) inhi-
bitors more effectively when it is used in combination with 
PI3k inhibitors. We have shown here that sodium butyrate in 
combination with PI3K inhibitors can circumvent the HPV 
oncogene function via the up-regulation of the CDK inhibitors 
p21 and p27 in a p53 dependent manner, and also via the 
dephosphorylation of Rb and the reduction in the expression 
levels of cyclin A, cyclin D1 and cyclin B1. The increase in 
CDK inhibitors p21 and p27 did not seem to affect the 
expression levels of cdk2 and cdk4.
  These findings suggest that the combination treatment is 
more effective than treatment with either agent alone. Sodium 
butyrate treatment can induce differentiation and cell death 
through a number of mechanisms, including inhibition of HDAs 

(9,11), and the HDAC inhibitors have received much attention 
during the last years due to their capability to induce cell dif-
ferentiation, growth arrest and apoptosis (19). Moreover, sodium 
butyrate has been shown to stimulate Akt activity; therefore, 
the enhanced effect of the PI3k inhibitors may come about 
through the inhibition of sodium butyrate-mediated Akt activity. 
Collectively, these findings suggest that the selective inhibition 
of PI3k may be useful in combination with chemotherapeutic 
agents to target other cellular pathways. Both Wortmannin and 
LY294002 have been shown to inhibit other enzymes in addi-
tion to PI3k, and such inhibition usually occurs at much higher 
concentrations than those used in our experiments (20,21). 
Wortmannin at concentrations that ranged from 20 nM to 2μM 
appeared to be specific for PI3k and it failed to inhibit PI4- 
kinase, protein kinase A, protein kinase C and protein kinase 
G (22). However, it is possible that wortmannin, at the concen-
trations used in this study (400 nM), may inhibit DNA-depen-
dent protein kinase, a member of the PI3k family (23), and so 
contribute to enhanced NaBT-induced apoptosis. Future studies 
will better delineate the potential role of these kinases in the 
inhibitory effect exerted by PI3k inhibitors.
  In summary, we have shown that PI3k inhibition enhances 
the apoptosis induced by sodium butyrate in the cervical cancer 
cell line HeLa by inducing a block at the G1 to S transition, 
and the subsequent apoptosis may have important implications 
for the treatment of cervical cancer.

CONCLUSIONS

  Our results demonstrated the inhibition of PI3K enhanced 
NaBT mediated cervical cancer cell apoptosis via the strong 
up-regulation of the cdk2 inhibitors p21 and p27. 
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