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 Background: Hepatocellular carcinoma is the most frequent 

primary malignancy of the liver.  It is the sixth most common 

cancer and third most frequent cause of cancer-related death 

worldwide. Objective: Epigenetic mechanisms (such as 

methylation, acetylation, and ubiquitination) are altered in 

HCC. One of these epigenetic mechanisms is Histone 

acetylation. The balance between histone transacetylases and 

deacetylases is often damaged in cancer, leading to changed 

expressions of tumor suppressor genes and/ or proto-

oncogenes. Methods: HepG2 cells were treated with curcumin, 

valproic acid and curcumin + valproic acid than subjected to 

MTT assay, DNA fragmentation and real time PCR. Results: 

The result from MTT assay showed that IC50 of curcumin = 

0.91 mM, valproic acid = 2.61 mM, curcumin + valproic acid = 

1.12 mM. Real time PCR showed decrease in HDAC1, VEGF, 

IL- 6 and increase in PTEN, P53 genes expression in cell 

treated with curcumin or valproic acid individually while 

treatment of both show no synergism. 

 

 

Introduction: 

Hepatocellular carcinoma 

(HCC) is the sixth most common 

cancer and third most frequent cause of 

cancer-related death worldwide 
(1, 2)

. 

Many cancer-related genes and 

epigenetic mechanisms (such as 

methylation, acetylation, and 

ubiquitination) are altered in HCC 
(2)

. 

One of these epigenetic mechanisms is 

Histone acetylation which affects 

chromatin condensation and these 

alterations influence gene transcription 
(3, 4)

. The acetylation state of histones 

and other proteins is maintained by 

histone acetyltransferase (HAT) and 

histone deacetylase (HDAC) enzymes. 

HATs catalyze the transfer of an acetyl 

group from acetyl-CoA to lysine 

residues in proteins and HDAC 

removes it 
(5)

.  Decreased activities of 

HDACs are associated with inhibition 

of tumor cell development and growth 
(6, 7)

. The balance between histone 

transacetylases and deacetylases is 

often altered in cancer, leading to 

changed expressions of tumor 

suppressor genes and/ or proto-

oncogenes 
(3, 4, 8, 9)

. HDAC inhibitors 

induce apoptosis in tumor cells by 

regulation of expression of pro-

apoptotic and anti-apoptotic genes 
(10)

. 

Furthermore, it may be possible to 

investigate the correlation between 

inhibiting specific HDAC-dependent 

complexes in particular tumor types 

with clinical outcomes following 

HDACi treatment, allowing for the 

identification of novel HDACi 
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response biomarkers 
(11)

. We used in 

our study One of the drugs that inhibit 

hdac1 valproic acid and one natural 

product, curcumin, Valproic acid (2-

propyl-pentanoic acid, V) is the first-

line therapy in the treatment of 

epilepsy for more than 30 years. More 

recently, studies have found that VPA 

is a potential anti-cancer agent, due in 

part to its anti-histone deacetylase 

activity 
(12)

. Curcumin is a rhizome 

from the herb Curcuma longa Linn 
(13)

. 

Ayurvedic medicine clearly designates 

curcumin as an effective medicine for 

various disorders such as asthma, 

bronchial hyperactivity, allergy, 

anorexia, coryza, cough, sinusitis, and 

hepatic disease
 (14)

. Curcumin inhibits 

proliferation and induces apoptosis in 

numerous types of cancer cells 

including liver cancer. Moreover, it has 

displayed synergistic effects with 

current cancer therapeutics 
(15)

. The 

current study evaluated the role of 

HDAC1 in the regulation of specific 

genes expression in hepatocellular 

carcinoma-cell line (HepG2). 

Materials and Methods: 

Materials:   

Curcumin (MW 368.39) and 

valporic acid (MW 169.67) were 

purchased from fromTocris bioscience 

(USA). Fetal bovine serum (FBS) and 

antibiotic-antimycotic solution were 

purchased from Bio-west, South 

America. (3-(4, 5-Dimethylthiazol-2-

yl)-2,5-Diphenyltetrazolium Bromide) 

"MTT" was pursued from thermo-

fisher scientific, USA. 

Cell culture: 

The human hepatocellular carcinoma 

cell line, HepG2, was obtained from 

medical research institute (Alexandria, 

Egypt). Cells were maintained in 

Dulbecco’s modified Eagle’s medium 

(DMEM/high glucose) supplemented 

with 10% FBS, and 1% penicillin / 

streptomycin in a humidified 

atmosphere of 5% CO2 and at 37˚C 
(16, 

17)
. The cultured HepG2 cells were 

divided into 4 groups: First HepG2 

cells as mock-treated cells, second 

HepG2 cells that were treated with 

valproic conditioned medium. The 

third HepG2 cells were treated with 

curcumin (25 µM), the fourth HepG2 

cells were treated with curcumin + 

valproic acid at the same ratio. All 

groups were incubated for 6 h and 24 h 
(18)

. 

Methods 

MTT Cell Proliferation Assay: 

Cell proliferation of HepG2 

cells in all groups was determined 

using the MTT (3-[4,5- 

dimethylthiazol-2-yl]-2.5-diphenyl 

tetrazoliumbromide) cell proliferation 

kit (Trevigen Inc., Gaithersburg, MD, 

USA) as per manufacturer’s protocol. 

Briefly, cells were plated in 96-well 

tissue culture plates in a range of 103-

105 cells/well in a final volume of 100 

µL of medium and were allowed to 

attach overnight. The MTT reagent 

was added (10 µL per well) and the 

plate was incubated for 2 to 12 h to 

allow for intracellular reduction of the 

soluble yellow MTT to the insoluble 

purple formazan dye. Detergent 

reagent is added to each well to 

solubilize the formazan dye prior to 

measuring the absorbance of each 

sample in a microplate reader at 550 – 

600 nm. Six wells were used for each 

group. Cell proliferation was assessed 

as the percentage of cell proliferation 

compared to untreated HepG2 as 

control cells. 

DNA fragmentation: 

DNA fragmentation was used 

to determine the induction of apoptosis 

by observing the biochemical change. 

Briefly, after cancer cells were treated 

with IC50 of curcumin, valproic and 

curcumin + valproic acid for 24 hours, 

the cells were collected and washed 

with media. Then cell suspensions 

were transferred to microcentrifuge 

tubes (1.5 ml) and centrifuged at 



112                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

300×g (Wisd Laboratory instrument, 

Germany) for five minutes to collect 

the cell pellets. The DNA in the cell 

pellet was extracted with Flexigene 

DNA Kit (QIAGEN, Germany); 2 μg 

of DNA was electrophoresed on 2% 

agarose gel containing 0.1 mg/ml 

ethidium bromide. After 

electrophoresis, DNA fragments were 

analyzed with a UV-illuminated 

camera (Syngene, UK) 
(19, 20)

. 

Quantitative real time PCR: 

Isolation of total RNA and 

reverse transcription (RT)- PCR 

analysis Total RNA from HepG2 cells 

was extracted using biozol total RNA 

extraction® (BioFlux) where solated 

RNA was subjected to reverse 

transcription using a HiSenScript
tm

 

RH(-)kit for cDNA synthesis. Real-

time reverse-transcriptase polymerase 

chain reaction (RT-PCR) was 

performed Using 5X HOT FIREPOL
R
 

EvaGreen
R
 qPCR mix plus (no ROX) 

and Samples were normalized using B-

actin 
(21)

. 

Primers Sequence of Studied Genes: 

(1)PTEN: 

Forward primer:      

GATGCAGTGGATGTTGGTTG 

Reverse primer:       

GCCCAGAAAGGTTAGGGAAC 

(2)P53: 

Forword primer:    

GCCCACTTACAAGTACTAA 

Reverse primer:         

GTGGTTTCAAGGCCAGATGT 

(3):APE1: 

Forward primer:    

GCTGCCTGGACTCTCTCATC 

Reverse primer:         

GCTGTTACCAGCACAAACGA 

(4)HDAC1: 

Forward  primer:       

GAAATCTACCGCCCTCACAA 

Reverse primer:         

AACAGGCCATCGAATACTGG 

(5)IL6: 

Forward primer:      

TACCCCCAGAGAAGTTCC 

Reverse primer:           

TTTTCTGCCAGTGCCTCTTT 

(6)VEGF: 

Forward primer:       

CCCACTGAGGAGTCCAACAT 

Reverse primer:            

TTTCTTGCGCTTTCGTTTTT 

(7)B-ACTIN: 

Forward primer- 

Reverse primer- 

Statistical Analysis: 

Statistical analysis was performed 

using oneway analysis of variance 

(ANOVA) followed by 

The data from the experiments are 

presented as means ± SD, p < 0.01 was 

considered statistically significant.  

Results 

MTT proliferation assay of HepG2 

cells showed a significant decrease (p 

< 0.01) in the proliferation rate in the 

HepG2 cells treated with curcmin or 

valproic acid or curcumin + valproic 

acid compared to the mock-treated 

HepG2 cells. Cells treated with 

curcumin showed a significant 

decrease (p < 0.0001) when compared 

to the mock-treated HepG2 cells. 

HepG2 cells treated with curcumin + 

valproic acid also showed a significant 

decrease (p < 0.01) compared to the 

mock-treated HepG2 cells. 

DNA fragmentation  
Evaluation of apoptosis was further 

carried out by determining the DNA 

laddering as a result of DNA 

fragmentation, indicative of the late 

stage of apoptosis (Figure 4). HepG2 

cells treated with the IC 50 of 

curcumin, valproic acid and curcumin 

+ valproic acid showed characteristics 

of DNA laddering. 

HepG2 cells treated with 

curcumin or a valproic acid showed 

significant decrease (p < 0.01) in 

HDAC1 (Figure 5A), APE1 (Figure 

5B), VEGF (Figure 5C), IL-6 (Figure 

5D), P53 (Figure 5E) , PTEN (Figure 

5F), and gene expression compared to 

mock treated HepG2 cells. HepG2 
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cells treated with both curcumin and 

Valproic acid showed a significant 

decrease (p < 0.01) in the expression of 

HDAC1 when compared with the 

mock treated HepG2 cells. VEGF, IL-

6, P53, APE1 and PTEN gene 

expression in HepG2 cells treated with 

both curcumin and Valproic acid with 

no significant difference (p > 0.01) 

when compared with HepG2 treated 

with curcumin or valproic acid. 

DISCUSSION 
Activation of many signaling pathways 

has been implicated in human 

hepatocarcinogenesis 
(22)

. 

PI3K/AKT/mTOR signaling pathway 

Constitutive activation of the 

PI3K/AKT/mTOR signaling pathway 

has been established as a major 

determinant of tumor cell growth and 

survival in a multitude of solid tumors 
(23)

. In the PI3K/AKT/mTOR signaling 

pathway, binding of growth factors 

(most notably IGF and EGF) to their 

receptors activates PI3K 
(24)

. PI3K 

subsequently produces the lipid second 

messenger PIP3b 

(phosphoinositoltriphosphate), which 

activates the serine/threonine kinase 

AKT, in addition to regulating several 

transcription factors 
(25)

. Activated 

AKT phosphorylates several 

cytoplasmic proteins, most notably 

mTOR and BCL-2-associated death 

promoter and angiogenesis 
(24)

. The 

activation of mTOR increases cellular 

proliferation, and inactivation of BAD 

decreases apoptosis and increases cell 

survival 
(26)

. In normal tissue, this 

pathway is negatively regulated by the 

phosphatase and tumor suppressor 

phosphatase on chromosome 10 

(phosphatase and tensin homolog 

(PTEN)), which targets the lipid 

products of PI3K for 

dephosphorylation 
(26)

. Studies suggest 

that aberrant PTEN function may lead 

to overactivation of the PI3K/AKT/ 

mTOR pathway in HCC. The PTEN 

gene is mutated in 5% of HCCs 
(27)

 and 

its expression is reduced in nearly half 

of all HCC tumors 
(28)

. Inactivation of 

AKT signaling by novel approaches 

could be useful for cancer therapy 
(22)

. 

IL-6 induced activation of the 

PI3K/Akt pathway is involved in 

protection against apoptosis 
(29)

. The 

ability of IL-6 dependent 

Ras/PI3K/Akt pathway to induce 

uncontrolled proliferation and tumor 

survival in human cancer cells was 

investigated. Indeed, various studies 

showed that IL-6 dependent activation 

of PI3K/Akt as it promotes 

proliferation 
(30)

, protects survival 
(31)

, 

and stimulates migration of cancer 

cells 
(32)

. IL-6-induced effects on 

cytotoxic drug-induced caspase 

activation and apoptosis was examined 
(33)

. Angiogenesis is a cascade of 

linked and sequential steps leading to 

tumour neovascularization, its 

activation is as a result of 

PI3K/AKT/mTOR signaling pathway. 

Preclinical data suggested that 

significant HCC growth is dependent 

on angiogenesis. One of the most 

intensely studied growth factors 

involved in angiogenesis is VEGF 
(34)

. 

Overexpression of VEGF may be 

induced by the hypoxic tumor 

environment (mediated by hypoxia-

inducible factor 2-a). Increased 

expression of VEGF and VEGF 

receptors (VEGFRs; which include 

VEGFR-1, -2 and -3) has been 

observed in HCC cell lines and tissues, 

as well as in the serum of patients with 

HCC 
(27, 35-39)

. Increased levels of 

VEGF expression have been linked 

with HCC tumor grade 
(40)

, poor 

outcome after resection 
(41)

, disease 

recurrence, poor disease-free and 

overall survival (OS) 
(42)

, vascular 

invasion 
(43)

 and portal vein  emboli 
(44)

. So, from this aspect, the present 

study evaluated the effect of HDAC1 

inhibitor valproic acid and curcumin 

on PI3K/AKT/mTOR signaling 

pathway in hepatoma cell line (HepG2 
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cells). Numerous studies have 

evaluated the effects of curcumin and 

Valproic acid in several rodent as well 

as human hepatoma cells individually , 

so we tried in the present study effect 

to evaluate the effect of combination of 

curcumin and valproic acid. Treatment 

of HepG2 cells by curcumin or 

valproic acid leads to a significant 

decrease in the expression of HDAC1, 

APE1, VEGF and  IL-6 genes which 

were increased significantly in the 

malignant cells and significant increase 

in PTEN and p53. Pretreatment of 

curcumin with valproic acid leads to 

significant decrease in the expression 

of HDAC1 only but no synergism 

between them in decrease in APE1, 

VEGF and IL- 6 or increase in p53 and 

PTEN. AP endonuclease 1 (APE1), a 

multifunctional enzyme that is part of 

the BER pathwayand DNA repair 

activity. APE1 also known as the redox 

effector factor 1 (Ref-1) which 

activates TFs including c-Jun, activator 

protein-1 (AP-1), nuclear factor kappa 

B (NF-kB), the tumor-suppressor 

protein p53, hypoxia-inducible factor 

1a (HIF-1a) and paired box gene 8, 

which are involved in various cellular 

processes such as cell survival, growth 

signaling and inflammatory pathways. 

Acetylation of APE1 has been shown 

to be involved in early growth 

response (Egr-1)-mediated activation 

of phosphoinositol phosphatase and 

tensin homologue (PTEN) expression. 

Because p53 acts as a pro-apoptotic 

factor in the cellular response to stress, 

whereas APE1 is a prosurvival protein 

.It seems that the cell uses p53 to 

downregulate APE1 expression in 

response to DNA damage, and 

promotes apoptosis. The direct 

interaction between APE1 and histone 

deacetylase 1 (HDAC1), provided a 

possible molecular mechanism of the 

gene suppression. Once acetylation 

takes place, APE1 increases its 

existence at the nCaRE regions in the 

genome, where nearby promoters are 

actively transcribed. Through the direct 

interaction with APE1, HDAC1 is 

recruited to the promoter region to 

deacetylate histones and to suppress 

gene expression. APE1 is released 

from the region as HDAC1 removes 

the acetyl group from APE1 thereafter. 

This feedback model ensures the 

temporary nature of the gene 

suppression. Moreover, 

hyperacetylation stabilizes the p53 

protein, promoting both cell cycle 

arrest and apoptosis. Zheng et al., 2004 

reported that, curcumin up-regulated 

p53, have recently shown in yeast that 

depletion of class I and II HDACs by 

mutation, or via HDAC inhibition with 

valproic acid (VPA) 
(45)

, prevented 

DNA damage signaling and interfered 

with DNA break repair 
(14)

. An 

important substrate of HDAC1 is the 

tumor suppressor protein p53. 

Recruitment of HDAC1 by MDM2 

promotes p53 degradation by 

deacetylation. Thus HDAC1 decreases 

DNA damage-induced p53 acetylation, 

and inhibits the induction of p21 and 

MDM2. HDAC1 depletion led to 

ubiquitination of MDM2 leading to 

p53 activation and sustained DNA 

damage response thereby inducing 

apoptosis 
(46, 47)

. Acetylation abrogates 

complex formation between p53 and 

Mdm2, whereas an unacetylatable p53 

mutant strongly interacts with Mdm2 

resulting in p53 degradation 
(48)

. In an 

overexpression system, Mdm2 formed 

an HDAC1containing complex binding 

to p53. Recruitment of HDAC1 might 

thereby link two enzymatic activities 

promoting p53 degradation 
(9, 47, 49)

. 

PTEN is aberrantly expressed in many 

human cancers. PTEN is induced by 

p53 and stabilizes p53 by protecting it 

from mdm2-mediated ubiquitination. 

This positive feedback loop contributes 

to p53-induced apoptosis and 

senescence. Moreover, PTEN block 

the activation of the PI3K–AKT–mTOR 
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pathway. Taken together, these data 

suggest that the PI3K/ AKT/mTOR 

pathway has a critical role in the 

pathogenesis of HCC 
(50)

. Indeed, 

levels of the phosphorylated form of 

mTOR have been shown to be elevated 

in 15% of cases of HCC 
(51)

. In our 

study we showed that, once the IL - 6 

activity is decreased and expression of 

p53 increase as aresult of inhibition of 

HDAC1 and activation of APE1 

leading to increase the expression of 

PTEN. The resulting inhibition of 

PI3K/ AKT/mTOR pathway and 

induced apoptosis as consequence, 

VEGF activity is decreased, which 

cause inhibition of angiogenesis. In the 

present work, the applications of 

curcumin or valproic acid to HepG2 

cells lead to a significant reduction in 

the proliferation rate of the cells. The 

effect was less significant than 

curcumin with valproic acid. 

5. Conclusion 

Curcumin or valproic acid  led to 

growth inhibition of HepG2 cells due 

to induction of apoptosis and cell cycle 

arrest through down regulation of 

PI3K/ AKT/mTOR pathway by 

HDAC1 inhibition .  These data 

suggest that modulation of HDAC1 

activity by curcumin or valproic acid 

can be considered as a therapeutic 

target in HCC.  

REFERANCES: 

1. El-Serag H.B., and Rudolph 

K.L. (2007): Hepatocellular 

carcinoma: epidemiology and 

molecular carcinogenesis. 

Gastroenterology, 132: 2557-

2576. 

2. Shiraha H., Yamamoto K., 

and Namba M., (2013): Human 

hepatocyte carcinogenesis 

(Review). International Journal 

of Oncology, 42: 1133-1138, 

DOI: 10.3892/ijo.2013.1829 

3. Kim H.J., and Bae S.C., 

(2011): Histone deacetylase 

inhibitors: molecular 

mechanisms of action and 

clinical trials as anti-cancer 

drugs. Am J Transl Res, 3(2): 

166-179. 

4. Hrabeta J., Stiborova M., 

Adam V., Kizek R., and 

Eckschlager T., (2014): 
Histone deacetylase inhibitors 

in cancer therapy. A review, 

Biomed Pap Med Fac Univ 

Palacky Olomouc Czech 

Repub, 158(2): 161-169. 

5. Bolden J.E., Peart M.J., and 

Johnstone R.W., (2006): 
Anticancer activities of histone 

deacetylase inhibitors. Nat Rev 

Drug Discov, 5(9): 769-84. 

6. Zupkovitz G., Tischler J., 

Posch M., Sadzak I., 

Ramsauer K., Egger G., et al., 

(2006): Negative and positive 

regulation of gene expression 

by mouse histone deacetylase 

1. Mol Cell Biol, 26(21): 7913-

7928. 

7. Montgomery R.L., Davis 

C.A., Potthoff M.J., 

Haberland M., Fielitz J., Qi 

X., et al., (2007): Histone 

deacetylases 1 and 2 

redundantly regulate cardiac 

morphogenesis, growth, and 

contractility. Genes Dev, 

21(14): 1790-1802. 

8. Marks P.A., Richon V.M., 

Miller T., and Kelly W.K., 

(2004): Histone deacetylase 

inhibitors. Adv Cancer Res, 91: 

137-168. 

9. Spange S., Wagner T., 

Heinzel T., and Krämerb 

O.H., (2009): Acetylation of 

non-histone proteins modulates 

cellular signalling at multiple 

Levels. The International 

Journal of Biochemistry & Cell 

Biology, 41: 185-198. 



116                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

10. Miller C.P., Singh M.M., 

Rivera-Del V.N., Manton 

C.A., and Chandra J., (2011): 
Therapeutic strategies to 

enhance the anticancer efficacy 

of histone deacetylase 

inhibitors. J Biomed 

Biotechnol, 2011:514261. 

11. West A.C., and Johnstone 

R.W., (2015): New and 

emerging HDAC inhibitors for 

cancer treatment. The Journal 

of Clinical Investigation, 

Volume 124. 

12. Groselj B., Sharma N.L., 

Hamdy F.C., Kerr M., and 

Kiltie A.E., (2013): Histone 

deacetylase inhibitors as 

radiosensitisers: effects on 

DNA damage signaling and 

repair. British Journal of 

Cancer, 108: 748-754, Doi: 

10.1038/bjc.2013.21 

13. Ammon H.P., and Wahl 

M.A., (1991): Pharmacology of 

Curcuma longa. Planta Med, 

57: 1-7. 

14. Shanmugam M.K., Rane G., 

Kanchi M.M., Arfuso F., 

Chinnathambi A., Zayed 

M.E., et al., (2015): The 

multifaceted role of curcumin 

in cancer prevention and 

treatment. Molecules, 20: 2728-

2769, 

doi:10.3390/molecules2002272 

15. Rahmani A.H., Al-Zohairy 

M.A., Aly S.M., and Khan 

M.A., (2014): Curcumin: a 

potential candidate in 

prevention of cancer via 

modulation of molecular 

pathways, BioMed Research 

International, Volume 2014, 

Article ID 761608, 15 pages 

16. Sakulterdkiat T., Srisomsap 

C., Udomsangpetch R., Svasti 

J., and Lirdprapamongkol 

K., (2012): Curcumin 

resistance induced by hypoxia 

in Hepg2 cells is mediated by 

multidrug-resistance-associated 

proteins. Anticancer Research, 

32: 5337-5342. 

17. Chung D.M., Nasir Uddin 
S.M., Ryu T.H., Kang M.Y., 
and Kim J.K., (2013): 
Transactions of the Korean 
nuclear society autumn 
meeting Gyeongju, Korea, 
October 24-25. 

18. Khan M., Li T., Khalil M., 

Khan A., Rasul A., Nawaz F., 

Sun M. et al., (2013): 
Alantolactone induces 

apoptosis in HepG2 cells 

through GSH depletion, 

inhibition of STAT3 activation, 

and mitochondrial dysfunction. 

Hindawi Publishing 

Corporation BioMed Research 

International. Article ID 

719858, 11 pages. 

19. Change E.S., (2007): 
Apoptosis: a review of 

programmed cell death. 

Toxicol Pathol, 35: 495-516. 

20. Machana S., Weerapreeyakul 

N., Barusrux S., Nonpunya 

A., Sripanidkulchai B., and 

Thitimetharoch T., (2011): 
Cytotoxic and apoptotic effects 

of six herbal plants against the 

human hepatocarcinoma 

(HepG2) cell line. Chinese 

Medicine, 6:39. 

21. Kim G.N., Lee Y.J., Song 

J.H., and Jang H.D., (2013): 
Curcumin ameliorates AAPH-

induced oxidative stress in 

HepG2 cells by activating Nrf2. 

Food Sci Biotechnol, 22(1): 

241-247, DOI 10.1007/s10068-

013-0033-9. 

22. Whittaker S., Marais R., and 

Zhu A.X., (2010): The role of 

signaling pathways in the 

development and treatment of 

hepatocellular carcinoma. 

Oncogene, 29: 4989-5005. 



117                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

23. Chen Y.L., Law P.Y., and 

Loh H.H., (2005): Inhibition of 

PI3K/Akt signaling:an 

emerging paradigm for targeted 

cancer therapy. Curr Med 

Chem Anticancer Agents, 5: 

575-589. 

24. Avila M.A., Berasain C., 

Sangro B., and Prieto J., 

(2006): New therapies for 

hepatocellular carcinoma. 

Oncogene, 25: 3866-3884. 

25. Greer E.L., and Brunet A., 

(2005): FOXO transcription 

factors at the interface between 

longevity and tumor 

suppression. Oncogene, 24: 

7410-7425. 

26. Roberts L.R., and Gores G.J., 

(2005): Hepatocellular 

carcinoma: molecular pathways 

and new therapeutic targets. 

Semin Liver Dis, 25: 212-225. 

27. Wellcome Trust Genome 

Campus, Sanger Institute, 

(2008): Catalogue of Somatic 

Mutations in Cancer 

(COSMIC) 

database.sanger.ac.uk/genetics/

CGP/cosmic/. Accessed 4 

February 2010. 

28. Hu T.H., Huang C.C., Lin 

P.R., Chang H.W., Ger L.P., 

and Lin Y.W., (2003): 
Expression and prognostic role 

of tumor suppressor gene 

PTEN/MMAC1/TEP1 in 

hepatocellular carcinoma. 

Cancer, 97: 1929-1940. 

29. Johnson C., Han Y., Hughart 

N., McCarra J., Alpini G., 

and Meng F., (2012): 
Interleukin-6 and its receptor, 

key players in hepatobiliary 

inflammation and cancer. 

Transl Gastrointest Cancer, 

1(1): 58-70, 

Doi:10.3978/j.issn.2224-

4778.2011.11.02. 

30. Tu Y., Gardner A., and 

Lichtenstein A., (2000): The 

phosphatidylinositol 3-

kinase/AKT kinase pathway in 

multiple myeloma plasma cells: 

roles in cytokine-dependent 

survival and proliferative 

responses. Cancer Res, 60: 

6763-6770. [PubMed: 

11118064] 

31. Hideshima T., Nakamura N., 

and Chauhan D., (2001): 
Biologic sequelae of 

interleukin-6 induced PI3-K/ 

Akt signaling in multiple 

myeloma. Oncogene, 20: 5991-

6000. [PubMed: 11593406] 

32. Podar K., Tai Y.T., and Lin 

B.K., (2002): Vascular 

endothelial growth factor-

induced migration of multiple 

myeloma cells is associated 

with beta 1 integrinand 

phosphatidylinositol 3-kinase-

dependent PKC alpha 

activation. J Biol Chem, 277: 

7875-7881. [PubMed: 

11751905] 

33. Yamagiwa Y., Marienfeld C., 

and Meng F., (2004): 
Translational regulation of x-

linked inhibitor of apoptosis 

protein by interleukin-6: a 

novel mechanism of tumor cell 

survival. Cancer Res, 64: 1293-

1298. [PubMed: 14973058] 

34. Kim K.J., Li B., Winer J., 

Armanini M., Gillett N., and 

Phillips H.S., (1993): 

Inhibition of vascular 

endothelial growth factor-

induced angiogenesis 

suppresses tumour growth in 

vivo. Nature, 362: 841-844. 

35. Shimamura T., Saito S., 

Morita K., Kitamura T., 

Morimoto M., and Kiba T., 

(2000): Detection of vascular 

endothelial growth factor and 

its receptor expression in 



118                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

human hepatocellular 

carcinoma biopsyspecimens. J 

Gastroenterol Hepatol, 15: 640-

646. 

36. Ng I.O., Poon R.T., Lee J.M., 

Fan S.T., Ng M., and Tso 

W.K., (2001): Microvessel 

density, vascular endothelial 

growth factor and its receptors 

Flt-1 and Flk-1/KDR in 

hepatocellular carcinoma. Am J 

Clin Pathol, 116: 838-845. 

37. Dhar D.K., Naora H., 

Yamanoi A., Ono T., Kohno 

H., and Otani H., (2002): 
Requisite role of VEGF 

receptors in angiogenesis of 

hepatocellular carcinoma: a 

comparison with 

angiopoietin/Tie pathway. 

Anticancer Res, 22: 379-386. 

38. Poon R.T., Ho J.W., Tong 

C.S., Lau C., Ng I.O., and 

Fan S.T., (2004a): Prognostic 

significance of serum vascular 

endothelial growth factor and 

endostatin in patients with 

hepatocellular carcinoma. Br J 

Surg, 91: 1354-1360. 

39. El-Assal O.N., Yamanoi A., 

Soda Y., Yamaguchi M., 

Igarashi M., and Yamamoto 

A., (1998): Clinical 

significance of microvessel 

density and vascular 

endothelial growth factor 

expression in hepatocellular 

carcinoma and surrounding 

liver: possible involvement of 

vascular endothelial growth 

factor in the angiogenesis of 

cirrhotic liver. Hepatology, 27: 

1554-1562. 

40. Yamaguchi R., Yano H., 

Iemura A., Ogasawara S., 

Haramaki M., and Kojiro M., 

(1998): Expression of vascular 

endothelial growth factor in 

human hepatocellular 

carcinoma. Hepatology, 28: 68-

77. 

41. Poon R.T., Lau C., Yu W.C., 

Fan S.T., and Wong J., 

(2004b): High serum levels of 

vascular endothelial growth 

factor predict poor response to 

transarterial 

chemoembolization in 

hepatocellular carcinoma: a 

prospective study. Oncol Rep, 

11: 1077-1084. 

42. Chao Y., Li C.P., Chau G.Y., 

Chen C.P., King K.L., Lui 

W.Y. et al., (2003): Prognostic 

significance of vascular 

endothelial growth factor, basic 

fibroblast growth factor, and 

angiogenin in patients with 

resectable hepatocellular 

carcinoma after surgery. Ann 

Surg Oncol, 10: 355-362. 

43. Li X.M., Tang Z.Y., Zhou G., 

Lui Y.K., and Ye S.L., (1998): 
Significance of vascular 

endothelial growth factor 

mRNA expression in invasion 

and metastasis of hepatocellular 

carcinoma. J Exp Clin Cancer 

Res, 17: 13-17. 

44. Zhou J., Tang Z.Y., Fan J., 

Wu Z.Q., Li X.M., Liu Y.K. 

et al., (2000): Expression of 

platelet-derived endothelial cell 

growth factor and vascular 

endothelial growth factor in 

hepatocellular carcinoma and 

portal vein tumor thrombus. J 

Cancer Res Clin Oncol, 126: 

57-61. 

45. Zheng M., Ekmekcioglu S., 

Walch E.T., Tang C.H., and 

Grimm E.A., (2004): 
Inhibition of nuclear factor-

kappaB and nitric oxide by 

curcumin induces G2/M cell 

cycle arrest and apoptosis in 

human melanoma cells. 

Melanoma Res, 14: 165-171. 



119                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

46. Sadoul K., Boyault C., Pabion 

M., and Khochbin S., (2008): 
Regulation of protein turnover 

by acetyltransferases and 

deacetylases. Biochimie, 90(2): 

306-312. 

47. Ito A., Kawaguchi Y., Lai 

C.H., Kovacs J.J., 

Higashimoto Y., and Appella 

E., (2002): MDM2- HDAC1-

mediated deacetylation of p53 

is required for its degradation. 

EMBO J, 21(22): 6236-6245. 

48. Tang Y., Zhao W., Chen Y., 

Zhao Y., and Gu W., (2008): 

Acetylation is indispensable for 

p53 activation. Cell, 133(4): 

612-626. 

49. Juan L.J., Shia W.J., Chen 

M.H., Yang W.M., Seto E., 

and Lin Y.S., (2000): Histone 

deacetylases specifically down-

regulate p53-dependent gene 

activation. J Biol Chem, 

275(27): 20436-20443. 

50. Mayo L.D., Dixon J.E., and 

Durden D.L., (2002): PTEN 

protects p53 from Mdm2 and 

sensitizes cancer cells to 

chemotherapy. J Biol Chem, 

277: 5484-5489. 

51. Fornari F., Milazzo M., 

Chieco P., Negrini M., 

Marasco E., Capranico G., et 

al., (2012): In hepatocellular 

carcinoma miR-519d 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



120                                                                            Ahmad  et al.,2017 

Biochemistry letters,  12 (10 ) 2017, Pages: 110-123 

 

 

  

Figure (1): Growth inhibition of HepG2 cells after the treatment with curcumin. Cells 

were cultured for 24 h before drug treatment in 96 well plates. Cells were treated with 

curcumin for 24h and cell viability was measured by MTT assay. Data are expressed 

as mean ± SD (N=3).  

 

Figure (2): Growth inhibition of HepG2 cells after the treatment with valproic acid. 

Cells were cultured for 24 h before drug treatment in 96 well plates. Cells were 

treated with valproic acid for 24 h and cell viability was measured by MTT assay. 

Data are expressed as mean ± SD (N=3). 
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Figure (3): Growth inhibition of HepG2 cells after the treatment with curcumin + 

valproic acid. Cells were cultured for 24 h before drug treatment in 96 well plates. 

Cells were treated with curcumin + valproic acid for 24 h and cell viability was 

measured by MTT assay. Data are expressed as mean ± SD (N=3).  

 

                 (A)        (B)          (C)       (D)   

Figure (4): DNA laddering in HepG2. DNA laddering was visualized in HepG2 after 

treatment where (A): mock treated, (B): HepG2 cell treated with IC50 of curcumin 

show DNA laddering as a result of DNA fragmentation, (C): HepG2 cell treated with 

IC50 of valproic acid show DNA laddering as a result of DNA fragmentation, (D): 

HepG2 cell treated with IC50 of curcumin + valproic acid show DNA laddering as a 

result of DNA fragmentation. 
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(E) 

 

(F) 

Figure (5): Comparison between the (A) HDAC1,(B) APE1, (C) VEGF, (D) IL-6, (E) 

P53 and (F) PTEN genes expressions in HepG2 cell treated groups. Data are 

expressed as mean ± SD (N=3). * (p < 0.01), ** (p < 0.001) *** (p < 0.0001). 

 

Table (1): IC50 of curcumin, valproic acid and curcumin + valporic acid. 
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