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ABSTRACT 

 

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. Doxorubicin (Dox) is an 

anthracycline antibiotic used as a single chemotherapeutic agent for HCC. The present work was conducted to 

study the immunohistochemical alterations in HCC patients treated with Dox. Thirty cases (24 males and 6 

female) with a confirmed diagnosis of hepatocellular carcinoma (HCC) were used. They were divided into 3 

groups, group 1. Ten specimens of HCC were taken before Dox treatments, group 2. Ten specimens HCC 

patients were taken one week after Dox treatment and group 3. Ten specimens of HCC patients were taken two 

weeks after Dox treatment. Hepatic biopsies were obtained from the three groups and prepared for histological, 

immunohistochemical (p53, Bcl-2 and CD34) and molecular studies. Histological examination of the specimen 

of HCC patients, before and after Dox treatment, showed trabecular appearance, cytoplasmic vacuolation of the 

hepatocytes, fatty degeneration and necrosis. Cirrhosis appeared in    40% of the patients before treatment and 

40% and 30%   after one week and 2 weeks of treatment, respectively. Immunohistochemical results revealed an 

increase in expression of p53, CD34 and Bcl-2 in HCC patients. Overexpression of p53, decrease of Bcl-2 and 

mild degree of expression of CD34 was recorded in patients treated with Dox. Significant increase in DNA 

fragmentation was recorded in HCC patients treated by Dox in comparison with untreated HCC. 
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INTRODUCTION 

 

Hepatocellular carcinoma (HCC) is one of the most 

common cancers worldwide [1], ranks fifth in 

frequency worldwide among all malignancies and 

the third most common cause of cancer related 

death cause, 1 million deaths annually. [2] It 

accounts for more than 90% of all primary hepatic 

tumors [3] its incidence increases with age and is 

five times more common in men than in women. 

[4] Nonetheless, the incidence of HCC in Western 

countries is expected to increase owing to the high 

prevalence of hepatitis C virus infection that 

represents a high risk factor for HCC [5] the male 

and female ratio for HCC ranges from 2:1 to 6.4:1 

and mostly 4:1. [6] In Egypt, male predominance 

may be explained by a high prevalent of hepatitis B 

surface antigen (HBsAg) carrier state, high 

sociability to environment carcinogenic factors and 

greater exposure to them. Chronic liver disease is 

more frequent in men than in women and this 

tendency become increasingly apparent as the 

disease progresses from chronic hepatitis to 

cirrhosis to HCC. [7] Median age at diagnosis is in 

the fifth decade of life in high incidence areas in 

Egypt, it presents at a somewhat older age in other 

regions. [8] 

 

HCC is widely considered to be chemotherapy 

resistant. Response rates for single-agent 

chemotherapy are low, and durable remission is 

rare. The most commonly used single agents for 

HCC are the anthracyclines and anthraquinones 

doxorubicin [9], 4’- epidoxorubicin [10], and 

mitoxantrone. [11] These drugs consistently 

produce response rates of approximately 15% to 

20%. Complete remissions have been described but 

are seldom durable. [12] Doxorubicin is the first-

generation anthracycline antibiotic of wide 

spectrum of action. At the cellular level, it is 

incorporated in between two nitric bases of double 

DNA helix, thus causing the inhibition of DNA 
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dependent DNA and RNA polymerases. [13] It is 

used as a single chemotherapeutic agent for HCC 

and has been shown to produce a response rate of 

about 10–15% but with no proven survival 

benefits. [14] The overall response rate from 13 

published trials is approximately 20%, with a 

median survival of 4 months. [15]. The present 

work was conducted to study the 

immunohistochemical alterations in HCC patients 

treated by doxorubicin. 

 

MATERIALS AND METHODS 

 

Patients: The present study was performed at the 

National Cancer Institute, Cairo University, and 

Cairo, Egypt.  The study met the criteria of the 

Ethics Committee of the National Cancer Institute, 

Cairo University, Cairo, Egypt.  The study included 

30 cases (24 males and 6 female) had a confirmed 

diagnosis of hepatocellular carcinoma (HCC). They 

were divided into 3 groups.  

 

Group 1.Ten specimens of heptocellular 

carcinoma patients were taken before doxorubicin 

treatments.  

Group 2.Ten specimens of heptocellular 

carcinoma patients were taken one week after 

doxorubicin treatment. 

Group 3.Ten specimens of heptocellular 

carcinoma patients were taken two weeks after 

doxorubicin treatment. 

 

Treatment Schedule: Treatment schedule consists 

of i.v. injection of doxorubicin at a dose of 15 

mg/m2 weekly for 3 weeks. The cycle is repeated as 

long as the condition permits and the total dose of 

500 mg/m2 are not exceeded.  

 

Histopathological study: Hepatic cases biopsies 

were obtained from HCC cases by a surgeon after 

computed tomography (CT) or magnetic resonance 

imaging (MRI) studies. A preoperative clinical 

diagnosis of primary liver cancer was made on the 

basis of an evaluated serum AFP level and 

characteristic features of the disease that were 

visible in the CT or MRI scans. For histological 

examination samples were fixed in 10% formalin. 

Following fixation, specimens were dehydrated 

through ascending series of alcohol, cleared in 

xylene and embedded in molten paraplast. Sections 

of 5 micron thickness were cut using rotary 

microtome, mounted on clear glass slides and 

stained with hematoxylin and counter stained with 

eosin.  

 

Immunohistochemical studies: 

Immunohistochemical reaction was performed 

using an avidin biotin complex immunoperoxidase 

technique on paraffin sections. [16] p53, Bcl-2 and 

CD34 were detected using an anti human p53, Bcl-

2 and CD34 monoclonal antibody (Dako A/S, 

Glostrup, Denmark), respectively. The mean 

percentage of p53 and Bcl2-positive tumor cells in 

all major foci of cancer was used as 

immunohistochemical scoring system.  

 

Molecular Studies: DNA was isolated from the 

liver tissue of HCC patients according to Sato et 

al.[17] Liver tissue were digested by 600 µl of 

digestion buffer and incubated at 50°C for 12-18 hr 

then 3 µl RNase were added and incubated for one 

hr at 37°C. The samples were extracted with an 

equal volume of phenol:chloroform:isoamyl 

alcohol (25:24:1). After centrifugation at 10000 

rpm for 10 min, DNA was precipitated by adding 

0.5 volume of ammonium acetate and 2 volume of 

100% ethanol and centrifuged at 5000 rpm for 2 

min. DNA was washed several times in 70% 

ethanol. The ethanol was then removed and the 

pellets dried. DNA was resuspended in 100 µl of 

TE buffer. The DNA was electrophoresed on 

agarose gel (1.3%) stained with ethidium bromide, 

then visualized by placing the gel on a UV 

transilluminator and photographed directly by a 

Polaroid camera.The UN-SCAN-IT gel 

documentation software was used for the 

quantitative of DNA bands.  

 

Statistical Analysis: Sigma plot system was used 

for data analysis. Mean and standard error were 

used as descriptive measures. ANOVA was used 

for comparing means of independent groups. P 

value is significant if >0.05. 

 

RESULTS 

 

The mean age of patients with HCC was 65.1± 

12.1, 63±13.4 and 58.6± 12.5 years in the first, 

second and third group, respectively. 

 

Histopathlogical results: Histological examination 

of the specimen of HCC patients, before treatment 

showing trabecullar and acini of polyhedral cords 

cells. Several features as degenerative hepatocytes 

accompanied by vacuolated and granular cytoplasm 

were observed. Most of the malignant cells having 

deeply basophilic or pyknotic nuclei (Fig.1a). 

Other lesions exhibit small karyolitic nuclei. 

Mitotic figure was detected in areas of the liver 

tissue which appeared with fat droplets (Fig.1b). 

Congested blood sinusoids are also identified. 

Moreover, a mild infiltrate of lymphocytic 

inflammatory cells in liver tissues are visible. 

Cirrhotic liver were observed in 4 patients of these 

group (table 1). The HCC consists of the tumor 

cells growing in sheets or small trabeculae that are 
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separated by fibrous collagen with a characteristic 

lamellar pattern and frequently hyalinization 

(Fig.1c).  

 

Examination of the specimen of HCC patients after 

one week of Dox treatment showing hepatocytes 

with cytoplasmic vacoulation and extensive areas 

of necrosis was evidenced. Moreover, giant 

hepatocytes were occasionally presented with 

granular cytoplasm and nuclei are polymorphic. 

The tumor cells showed trabecular structure. The 

cells are polymorphic with mild amount of weekly 

stained cytoplasm while, many other cells became 

swollen and hydrobic (ballooning degenerative) 

(Fig.2a). Also, numerous intracytoplasm inclusions 

are occasionally observed.  In some parts of the 

lobule, few mitotic figures were noticed. The 

hepatic sinusoids are dilated in between trabecular 

pattern of the hepatic cells tissue. Cirrhotic nodule 

on abundant sheet was observed in 4 out of 10 

patients. Specimens examined after 2 weeks of 

treatment with Dox showed severe degenerative 

changes of hepatocytes. The hepatic cells were 

necrotic, but others showed sign of hydrobic 

degeneration or ballooning feature. Necro- 

inflammatory cells were seen in sinusoids (Fig.2b) 

.The neoplastic cells showed acini formation and 

cells with pyknotic nuclei. Cirrhotic liver were 

observed in 3 out of 10 patients in this group   

(Fig.2c).  

 

Grading of tumor: Three grades were detected in 

patients with HCC grade 1, II and III.  Patients with 

HCC before treatment contain 3 patients with grade 

I, 6 patients with grade II and 1 patient with grade 

III. While patients with HCC after one week of 

treatment contain 4 patients with grade I, 3 patients 

with grade II and 3 patients with grade III. The 

patients with HCC after two weeks of treatment 

contain 3 patients with grade I, 5 patients with 

grade II and 2 patients with grade III (table1).  

 

Immunohistochemical observations: Microscopic 

examination of the specimens of hepatcellular 

carcinoma patients before treatment showed low 

nuclear expression of P53 (Fig.3a). Over 

expression of p53 was recorded in patients after 

one and two weeks of chemotherapy treatment 

(Figs.3b). Figure 4 showed mean percentage of p53 

immunostaining cells in HCC of different group.  

High expression of Bcl-2 was detected in HCC 

patients (Fig.5a). This expression decreased 

significantly (p<0.05) after treatment with Do 

(Figs.5b&6). Microscopic examination of 

endothelial sinusoidal cells of HCC patients before 

treatment showed over expression of CD34 

(Fig.7a). Mild degree of expression of CD34 was 

recorded in HCC patients treated with Dox 

(Fig.7b).   

 

DNA fragmentation: DNA isolated from HCC 

patients of different groups showed degradation 

into oligonucleotide fragments forming a clear 

laddering pattern of apoptosis (Fig.8). The data of 

DNA fragmentation of HCC patients after one 

week treatment showed a significant increase 

(37.2%), when compared with DNA fragmentation 

of HCC before treatment (21.9%). Highly 

significant (P<0.001) DNA fragmentation of HCC 

was recorded after two weeks of treatment with 

Dox (45.3%) (Fig 9). 

 

DISCUSSION 

 

Histological examination of the HCC patients 

before treatment showed that tumour masses are 

arranged in trabecular pattern and acinar formation. 

This histological frequency is consistent with what 

described by Kond [18] who found that HCC has 

been observed in different histological types, 

trabecular pattern was the most common type, 

followed by acinar formation and then solid and 

small cell type. The malignant hepatocytes have 

pyknotic nuclei, small prominent nucleoli and few 

mitotic figures associated with pale cytoplasm. 

Masamichi [19] reported that HCC revealed 

variable pattern formed by malignant hepatocytes 

with different grades of anaplasia with marked 

nuclear pleomorphism, bizarre cells, mild degree of 

mitosis, prominent nucleoli associated with scanty 

cytoplasm. Cirrhotic nodules surrounded by fibrous 

sheets were observed in HCC patients. Similarly, 

Roncalli et al. [20] reported that the explanted 

livers have more fibrosis so that any well 

differentiated HCC is surrounded by cirrhotic septa 

with distinct margin. 

 

In the present work, after Dox treatment, the liver 

specimens of HCC patients showed extensive areas 

of necrosis, polymorphic cells, swollen or 

ballooning hepatocytes and accumulation of 

inflammatory cells. Moreover, intracytoplsmic 

inclusion was observed. These observations are in 

agreement with Fong et al. [21]   who showed that 

Dox induced cells injury, most injury was confined 

to the centrilobular zone and characterized by: (i) 

abnormally swollen or ballooned hepatocytes, (ii) 

increased numbers of inflammatory cells in the 

areas of injury, (iii) necrotic cells and apoptotic 

bodies, and (iv) many cells showed disintegrated 

organelles.  Some cases of the current study 

showed cirrhotic nodule on abundant sheet after 

Dox treatment. Similarly, Miliward-Sadler et al. 

[22] reported that cirrhotic areas with abundant 

fibrous stroma separating cords of tumor cells are 
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most often seen following radiation, chemotherapy 

or infarction with subsequent scar formation. 

 

The expression of p53 was significantly increased 

in HCC patients before treatment. In agreement 

with this result Mei et al. [23] found that the 

expression of p53 was increased in patients with 

HCC when compared to that of normal individuals. 

Meanwhile, this finding is go in parallel with Atta 

et al.[24]  who found that p53 of HCC patients in 

Egypt were significantly higher than both liver 

cirrhosis patients and healthy control groups. Over 

expression of p53 was recorded in patients after 

one and two weeks of Dox treatment. Expression of 

p53 protein was seen in 12 cases out of 25 HCC 

patients treated with doxorubicin. [25] Elevation of 

p53 is seen with fatty liver in humans and during 

drug and chemically induced cellular injury as 

doxorubicin. [26] P53 tumor suppressor gene plays 

a major role in HCC. It is well known that 

inactivation of p53 is the most common genetic 

alterations in human cancer including HCC. [27] 

The p53 has a critical role in regulation of cell 

cycle, DNA repair and synthesis as well as in 

apoptosis. [28] The prevention of cancer is 

profoundly dependent on the p53 tumor suppressor 

protein. The ability of p53 to eliminate excess, 

damaged or infected cells by apoptosis is vital for 

the proper regulation of cell proliferation in 

multicellular organisms. [29]   

 

Expression of Bcl-2 was highly significant in HCC 

patients before treatment. Frommel et al. [30] 

stated that Bcl-2 expression was significantly 

elevated in HCC patients as compared with normal 

healthy individuals.Osama et al. [31] reported that 

the expression of Bcl-2 protein in HCC patients is 

higher than in cirrhotic patients. On other hand, our 

results recorded significant decrease of Bcl -2 in 

patients who received Dox. This result is in 

agreement with Zhang et al. [32] who observed that 

rapamycin induce apoptosis via activation of 

caspase-3 and disruption of mitochondrial 

membrane potential, as well as by down regulation 

of antiapoptotic protein Bcl-2 and up-regulation of 

proapoptotic protein Bcl-xl on HCC cells.The anti-

apoptotic role of Bcl-xL relates to its sequestration 

of the pro-apoptotic family members and 

prevention of the oligomerization required for the 

initiation of apoptosis .[33] Bcl- 2 family members 

are membrane bound two Ca2+-sensitive 

organelles, the mitochondria and ER. BclxL 

regulates the inositol 1,4,5-triphosphate receptor 

Ca2+-release channel in the ER to antagonize 

apoptosis [34] and is up to 10 times more potent 

than Bcl-2 in antagonizing cell death. Endothelial 

sinusoidal cells of HCC patients before treatment 

showed marked expression of CD34. Ma-Jeeet 

al.[35] concluded that CD34 is a useful marker for 

distinguishing HCC from non cancerous liver 

tissue; and HCC showed a diffuse capillarization 

with over expression.Yang et al.[36] found that 

CD34 was expressed in the vascular endothelial 

cells of normal liver , paracarcinomatous tissue and 

HCC tissue in the following proportions of 

specimen; 86.7% , 93.8% and 100 % respectively . 

However, they found expression of CD34 in both 

normal and tumor tissue indicating that it was not a 

reliable marker for HCC. Examination of the 

specimen of HCC patients after Dox treatment 

revealed that CD34 was decreased gradually from 

moderate to mild degree. Wang et al. [37] have also 

shown that rapamycin, significantly reduced 

microvessel density and inhibited tumor 

angiogenesis in HCC.  

 

Angiogenesis is an essential mechanism for HCC 

growth and metastasis, and its inhibition is an 

attractive target for investigators. Vascular 

endothelial growth factr (VEGF) and its tyrosine 

kinase receptor are the principal molecules 

involved in endothelial cell proliferation, survival, 

formation of new blood vessels, and vascular 

permeability. [38]  mTOR proteins regulate the 

phosphorylation of p70/S6 kinase and the 

translational repressor protein PHAS- 1/4E-BP. 

Both proteins regulate the translation of 

proliferationand angiogenesis-relevant proteins, 

such as c-myc, cyclin-D1, ornithine decarboxylase, 

HIF-a, and are indirectly involved in the expression 

of vascular endothelial grouth factor. [39] The 

present findings strongly supported this theory 

because we found a significant inhibition of tumor 

angiogenesis after Dox treatment. 

 

The data of DNA fragmentation of HCC patients 

after one week treatment showed significant 

increase (37.2%), when compared with DNA 

fragmentation of HCC before treatment (21.9%). 

But DNA fragmentation of HCC recorded a high 

score after two weeks of Dox treatment (45.3%). 

Huang et al. [40] showed that cleavage of DNA 

into large fragments may be an initial event that is 

critical for drug induced apoptosis.Deders et al. 

[41] indicated that cleavage of cellular DNA at the 

intranucleosomal sites has been observed in cells 

undergoing apoptosis induced by many agents and 

physiological conditions, this cleavage produced 

DNA fragmentation. Induction of apoptosis in 

HCC by Dox was reported by Fong et al. [21] 

 

The mechanisms of anthracycline cytotoxicity, 

particularly of Dox, in cancer cells include: (i) 

intercalation into DNA with inhibition of DNA 

replication and RNA transcription; (ii) generation 

of free radicals with DNA damage and lipid 
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peroxidation; (iii) DNA binding and arylation; (iv) 

DNA crosslinking; (v) interference with DNA 

unwinding, DNA strand separation, and helicase 

activity; (vi) direct membrane damage due to 

oxidation of lipids, and (vii) inhibition of 

topoisomerase II .[42] Dox is metabolized in 

microsomes by cytochrome P-450, lead to 

generation of semichinon, which is the free radical 

responsible for cytotoxic activity of Dox . [43] In 

conclusion, our results suggest that Dox 

metabolism triggered production of ROS and 

reactive intermediates in liver resulting in oxidative 

stress and genomic injury followed by apoptosis 

which was associated with down regulation of Bcl-

2, release of cytochrome c from mitochondria into 

the cytosol and increases p53 protein levels 

 
CONCLUSION 

 

Our results suggest that Dox metabolism triggered 

production of ROS and reactive intermediates in 

liver resulting in oxidative stress and genomic 

injury followed by apoptosis which was associated 

with down regulation of Bcl-2 and increases p53 

protein.  
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Fig.1.a). Section of HCC patient before treatment showing trabecullar (T) and acini  formation 

(A),(H&EX400).b).Section of HCC patient showing invasive hepatic carcinoma with few mitotic figure (M) 

and fat droplets (FD) (H&EX400).c).Section of HCC patient showing cirrhotic areas (C) and fibrous sheath (F) 

(H&E 200). 
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Fig.2: a). Section of HCC patient after one week of Dox treatment showing neoplastic cells in 

trabecular form with giant cells (G).Intracytoplasm inclusions and mitotic figure (M) were seen .b). 

Section of HCC patient after two weeks of Dox treatment showing hepatocellular acini and sinusoids 

with inflammatory cells (I).c). Section of HCC patient after two weeks of Dox treatment showing 

cirrhotic nodules (C) (H&E X400) 
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Fig.3.a). Immunostained of hepatcellular carcinoma section before treatment showing expression of 

p53.b). Over expression of p53 in HCC patient treated with Dox, (X 400). 

 
Fig.4. Mean percentage of p53 immunostaining cells in  HCC of different group 
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Fig.5. a). Immunostained of hepatcellular carcinoma section before treatment showing marked 

expression of bcl-2.b). Low expression of bcl-2 in HCC patient treated with Dox, (X 400). 

 
 

 

Fig.6. Mean percentage of bcl-2  immunostaining cells in  HCC of different group. 
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Fig.7.a). Immunostained of hepatcellular carcinoma section before treatment showing high expression 

of CD34.b). Immunostained of hepatcellular carcinoma section after Dox treatment showing mild 

degree of CD34 expression (X400).  

 

 
 

Fig.8. Gel electrophoresis of DNA fragments derived from HCC before treatment (lane 1), after one  

week of Dox treatment (lane2) and after 2 weeks of Dox treatment (lane3), M: Marker. 
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Fig. 9: Mean percentage of DNA fragmentation in HCC of different group 

 
Table1: Patients with cirrhosis and HCC grades in different group  

 

 

 

 

 

 

 

 

 

REFERENCES 

  

1. Wong LL. Current status of liver transplantation for hepatocellular carcinoma. Am J Surg 2002; 

83(3):309-16. 

2. Liovet JM, Bruix J. The Barcelona Approach: diagnosis, staging, and treatment of hepatocellular 

carcinoma. Liver Transplantation 2004; 10(2), Suppl I : S115-S120. 

3. Giannelli G et al., Human HCC cells require both alpha 3 B, integrin and matrix metallooroteinases 

activity for migration and invasion. Laboratory Investigation 2001; 81 (4): 613-27 

4. Tavian D et al., Androgen receptor mrna under-expression in poorly differentiated human 

hepatocellular carcinoma. Histol Histopathol 2002; 17(4): 1113-9. 

5. Khakoo SI et al., Aetiology, screening and treatment of  hepatocellular carcinoma. Med Clin North Am 

1996; 80:1121–45. 

6. Chen CJ et al., Epidemiological characteristics and risk factors of hepatocellular carcinoma. J 

Gastroenteirol Hepatol 1997; 12(9-10): 294-308. 

7. Shamaa S et al., Primary hepatocellular carcinoma: clinical, ultrasonographic and pathological patterns 

and correlations. Cancer Detect Prev 1986; 9: 227. 

8. Di Bisceglie AM. Hepatic tumors. In Friendman LS., Keeffe E.B. (eds.): Handbook of Liver Disease. 

Churchill Livingstone 1998; pp.361-371. 

9. Johnson PJ et al., Induction of remission in hepatocellular carcinoma with doxorubicin. Lancet 1987; 

1:1006-1009 

10. Hochster H et al., 4'-Epidoxorubicin (epirubicin): Activity in hepatocellular carcinoma. J Clin Oncol 

1985; 11:1535-40. 

11. Dunk A et al., Mitoxantrone as single agent therapy in hepatocellular carcinoma: a phase II study. J 

Hepatol 1985; 1: 395-404. 

12. Johnson PJ. Is there a role for systemic therapy in hepatocellular carcinoma, and if so, can we assess 

response? Ame Soc Clinical Oncol 2002; 310-315 

13. Zunino F et al., The inhibition in vitro of DNA polymerase and RNA polymerases by daunomycin and 

adriamycin. Biochem Pharmacol 1975; 24: 309-11. 

Grade of tumour No. of patients 

with cirrhosis 

 

Treatment 

III    II I 

1 6 3 4 HCC 

3 3 4 4 HCC+ 1 week Dox 

2 5 3 3 HCC+2 weeks Dox 



 
Saber et al., World J Pharm Sci 2013; 1(2): 28-38 

38 

 

14. Lai CL et al., Doxorubicin versus no antitumor therapy in inoperable hepatocellular carcinoma. A 

prospective randomized trial. Cancer 1988; 62(3):479-83. 

15. Nerestone SR et al., Clinical trials in primary hepatocellular arcinoma: Current status and future 

directions. Cancer Treat Rev 1988; 15:1-31. 

16. Hsu SM et al., Avidin and biotin in immunohistochemistry. J Histochem Cytochem 1981; 29: 1349-53.  

17. Sato T et al., Allelotype of breast cancer: cumulative allele losses promote tumor progression in 

primary breast cancer. Cancer Res 1990; 50: 7184-9. 

18. Kond, F. Histological features of early hepatocellular carcinomas and their developmental process: for 

daily practical clinical application. Hepatol Int 2009; 3(1): 283–93.  

19. Masamichi K. Histopathology of liver cancers Best Practice and Research. Clinical Gastroenterology 

2005; 19(1): 39–62.  

20. Roncalli M et al., Histopathological classification of hepatocellular carcinoma.    Dig Liver Dis 2010; 

42 (Suppl 3): S228-34.  

21. Fong Y et al., Cancer of the liver and biliary tree IN: De Vita VT, Hellman S, Rosenberg SA eds. 

Cancer principle of oncology. 6th ed. Lippincott Williams and Wilkins. 2001; pp. 1162- 1203. 

22. Millward-Sadler GH, Whorweh PJ. Liver biopsy: methods, diagnostic value and inerpretation. In: 

Liver and Biliary Diseases. Wright R, Alberti KG, Kanan S, and Sadler, G.H., (Eds.), W.B. Saunders 

Co. London Philadelphia, Toronto. 1989; pp. 495-516. 

23. Mei FZ et al., Correlation between expression of p53, and MDM2 proteins and their prognostic 

significance in primary HCC.  J Translational Medicine  2009; 7:110 

24. Atta MM et al., Value of serum anti-p53 Antibodies as a prognostic factor in Egyptian patients with 

HCC. Clin Biochem 2008; 41(14-15):1131-9. 

25. Chou YY et al., Expression of P-glycoprotein and p53 in advanced hepatocellular carcinoma treated by 

single agent chemotherapy: clinical correlation. J Gastroenterol Hepatol 1997; 12(8):569-75. 

26. Buitrago-Molina LE et al.,  Rapamycin delays tumor development in murine livers by inhibiting 

proliferation of hepatocytes with DNA damage. Hepatology 2009; 50:500-9. 

27. Li DY et al., Aberration of p53 gene in human HCC from China.  Carcinogenesis 1993; 14: 169-73. 

28. Gottlieb TM, Oren M. p53 and apoptosis. Seminars in cancer biology 1998; 8:359-68.  

29. Fisher DE. P53 tumor suppressor: Critical regulator of life and death in cancers. Apoptosis 2001; 6:7-

15.  

30. Frommel TO et al., Immunohistochemical evalution of Bcl-2 gene family expression in liver of 

hepatitis C and cirrhotic patients: A novel mechanism to explain the high incidence of HCC in 

cirrhotic. Am J Gastroenterol 1999; 94:178-82. 

31. Osman HG et al., Serum levels of Bcl-2 and cellular oxidative stress in patients with viral hepatitis. 

Indian J Med Microbiol 2007; 25 (4): 323-9. 

32. Zhang M et al., Gossypol induces apoptosis in human PC-3 prostate cancer cells by modulating 

caspase-dependent and caspase-independent cell death pathways. Life Sci 2007; 80: 767–74. 

33. Ray SD. Cell death and apoptosis. General Appl Toxicol 1999; 1: 165–200.  

34. Foskett JK et al., Inositol trisphosphate receptor Ca2+ release channels. Physiol Rev 2007; 87:593–

658. 

35. Ma- Jee M et al., Pathological observation of sinusoidal lining endothelial cells and the basement 

membrane in human hepatocellular carcinoma. Chinesa J Digestiv Diseases 2006; 2: 83-7. 

36. Yang LY et al., Correlation between CD105 expression and postoperative recurrence and metastasis of 

hepatocellular carcinoma. BMC Cancer. 2006; 26:110. 

37. Wang C et al., Novel synergistic antitumor effects of rapamycin with bortezomib on hepatocellular 

carcinoma cells and orthotopic tumor model. BMC Cancer 2012; 12: 166-9. 

38. Moore M et al.,  Phase I study to determine the safety and pharmacokinetics of the novel Raf kinase 

and VEGFR inhibitor BAY 43-9006, administered for 28 days on/7 days off in patients with advanced, 

refractory solid tumors. Ann Oncol 2005; 16:1688-94. 

39. Avila MA et al., New therapies for hepatocellular carcinoma. Oncogene 2006; 25:3866-84. 

40. Huang Y et al., Role of cytochrome C and dATP/ATP hydrolysis in Apaf-1-mediated caspase-9 

activation and apoptosis. EMBO J 1995; 18:3586–95.  

41. Deders DA et al., Chimeric homcobox gene E2A-PBX1 induces proliferation, apoptosis,and malignant 

lymphomas in transgenic mice. Cell 1993; 74: 833-43.  

42. Cardoso S et al., Doxorubicin increases the susceptibility of brain mitochondria to Ca(2+)-induced 

permeability transition and oxidative damage. Free Radic  Biol  Med  2008; 45: 1395-402. 

43. Speth PA et al., Clinical pharmacokinetics of doxorubicin. Clin Pharmacokinet 1988; 15: 15-31. 


