
The Effect of Carriage of Apolipoprotein E Gene 
on Recurrence of HCV after Liver 

Transplantation 

Thesis  
Submitted for partial fulfillment of MD Degree  

In Internal Medicine 

Submitted by 
Christina Alphonse Anwar 

M.B.B.CH,M.Sc 
Faculty of Medicine, Ain Shams University 

Under supervision of 
Prof. Dr. Mohsen Mostafa Maher 

Professor of Internal Medicine 
Faculty of Medicine, Ain Shams University 

Prof. Dr. Tarek Mohamed Yousef 
 professor of Internal Medicine 

Faculty of Medicine, Ain Shams University 

Prof. Dr. Mohamed Mohamed Bahaa 
 Professor of general surgery 

Faculty of Medicine, Ain Shams University 

Ass. Prof.  Dr. Moataz Mohamed Sayed 
Assistant professor of Internal Medicine 

Faculty of Medicine, Ain Shams University 
 

Faculty of Medicine 
Ain Shams University 

2015 



على ئي حامل البروتينات الدهنية تأثير نقل جين 
 (سي) بعد زراعة  الكبدىلفيروسباالاصابة تكرار

 الكبد
رسالة 

توطئة للحصول على درجة الدكتوراة فى الباطنة 
العامة 

مقدمة من 
الطبيبة / كريستينا الفونس انور 

ماجيستير الباطنه العامه 

تحت إشراف 
الأستاذ الدكتور/ محســن مصطفــى ماهــر 

أستاذ أمراض الباطنة 
كلية الطب - جامعة عين شمس 

الأستاذ الدكتور / طــارق محمــد يوســف 
أستاذ أمراض الباطنة 

كلية الطب - جامعة عين شمس 

الأستاذ الدكتور / محمـد محمـد بهـــاء   
أستاذ الجراحه العامه  

كلية الطب - جامعة عين شمس 

 أستاذ مساعد دكتور/ معتــز محمـد سيــد 
أستاذ مساعد أمراض الباطنة 

كلية الطب - جامعة عين شمس 
 الطب كلية



 شمس عين جامعة
2015  

Acknowledgment 
 

 First of all, all gratitude is to GOD almighty for blessing this work, 
until it has reached its end, as a part of his generous help, throughout 
my life. 

 Really I can hardly find the words to express my gratitude to Prof. 
Dr. Mohsen Maher, Professor of internal medicine, faculty of 
medicine, Ain Shams University, for his supervision, continuous help, 
and encouragement throughout this work. It is a great honor to work 
under his guidance and supervision.                                              

 I am also indebted to Prof. Dr. Tarek Yousef, Professor of 
internal medicine, faculty of medicine, Ain Shams University for his 
guidance, continuous assistance and sincere supervision of this work. 

 I would like to thank Prof. Dr. Mohammed Bahaa, Professor of 
general surgery, faculty of medicine, Ain Shams University for the 
tremendous effort he has done in the revision of the whole work. 

 I would like also to express my sincere appreciation and gratitude to 
Prof. Dr. Moataz Mohamed, Ass. Professor of internal medicine, 
faculty of medicine, Ain Shams University, for her continuous 
directions and support throughout the whole work. 

 I can’t express my gratefulness to Dr. Maha Mohsen, 
Ass.Professor of internal medicine, faculty of medicine, Ain Shams 
University, for her hidden continous support through this work. 

 I also owe a special gratitude to Dr. Sara Kariem, fellow of clinical 
pathology, faculy of medicine, Ain Shams University for her support 
throughout the laboratory work and supervision of the study. 

 Aso I would like to thank all who participated in this work from 
patients and colleagues. 

 Last but not least, I dedicate this work to my parents and my husband 
for their Love and support in every step, and to my extended family for 
their continuous help, whom without their sincere emotional support, 
pushing me forward, this work would not have ever been completed. 
And of course, I can`t forget my lovely son Mark my inspiration and 
the source of Joy in our lives. 

 Christina Alphonse Anwar 



 Contents 
 

 

Contents 

  Subjects                                                            Page        
 

• List of Figures  ................................................................................................................. I 
• List of Tables ................................................................................................................ III 
• List of Charts  ................................................................................................................ V 
• List of Graphs  ............................................................................................................ VI 
• List of Abbreviations ........................................................................................ VII 
• Introduction ........................................................................................................................ 1  
• Aim of the work ............................................................................................................ 3 
• Review of literature  

- Chapter (1):  Hepatitis C Virus ............................................................... 4 
- Chapter (2): Apolipoproteins ................................................................ 32 
- Chapter 3: Liver transplantation ........................................................ 71 

• Subjects and Methods ......................................................................................164 
• Results ...............................................................................................................................172 
• Discussion .....................................................................................................................186 
• Summary and Conclusion ...........................................................................207 
• Recommendations ...............................................................................................210 
• References .....................................................................................................................211 
• Arabic summary 

 



 List of Figures  

 

 I 

List of Figures 

Figure Subject Page 

Fig.   1 HCV structure 5 

Fig.   2 HCV RNA structure 6 

Fig.   3 HCV receptors. 7 

Fig.  4 HCV replication in hepatocytes 9 

Fig.  5 Natural history of HCV 21 

Fig.  6 
Liver cirrhosis as seen on an axial CT 

abdomen. 
22 

Fig.  7 Liver biopsy showing bridging necrosis. 23 

Fig.   8 CT slide of HCC 31 

Fig.   9 lipoprotein structure 32 

Fig.   10 Apolipoprotein structure 40 

Fig.  11 ApoE4 structure 41 

Fig.  12 Clinical aspects of apolipoprotein E4. 42 

Fig.  13 

Potential mechanisms of the impact of 

apoE4 on viral treatment response, 

fibrosis progression in recurrent HCV 

infection as well as protection against 

HCV associated severe liver damage. 

58 

Fig.  14 

Potential mechanisms for ApoE4-

mediated faster progression of HIV 

disease. 

65 

Fig.  15 
Clinical sheet for LDLT recipient at 

liver transplant unit in ASUSH. 
103 

http://en.wikipedia.org/wiki/Computed_tomography


 List of Figures  

 

 II 

Figure Subject Page 

Fig.   16 
Clinical sheet for LDLT donor at liver 

transplant unit in ASUSH. 
106 

Fig.  17 Removing part of the donor liver. 113 

Fig.  18  
Liver segments and donor right  

hepatectomy. 
115 

Fig.  19 
The four major prerequisites for 

technically successful LDLT. 
119 

Fig.  20  
Histologic changes in acute graft 

rejection. 
136 

Fig.  21 
Liver needle biopsy showing severe 

recurrent hepatitis C, cholestatic type. 
149 

Fig.  22  Gel Electrophoresis 169 

Fig.   23 Ultra-Violet Transillumination. 170 

Fig.   24 

HhaI-digested fragments on 

Polyacrylamide Gel, visualized by UV 

Transillumination. 

 

170 

 



 List of Tables  

 

 III 

List of Tables 

Table Subject Page 

Table 1 Child-Pugh classification 28 

Table 2 

ApoE isoform amino acid differences 

and resulting chemical and 

physiological changes. 

40 

Table 3 
Estimated worldwide human allele 

frequencies of ApoE. 
45 

Table 4 

Effects of an apoE4 genotype on 

hepatitis C virus (HCV) infection and 

outcome in humans. 

55 

Table 5 
Evaluation for Liver Transplantation in 

Adults. 
76 

Table 6 Complications of liver transplantation 122 

Table 7 Primers’ sequences used in PCR 168 

Table 8 Preoperative Clinical Data. 172 

Table 9 Operative Data. 174 

Table 10 Laboratory Data. 174 

Table 11 ApoE Frequency. 175 

Table 12 Relation Between ApoE And HCC. 175 

Table 13 Outcome. 176 

Table 14 
Relations Between Different Outcomes 

And Recipient ApoE. 
178 

Table 15 

Relations Between Different Outcomes 

And Donor ApoE. 

 

178 



 List of Tables  

 

 IV 

Table Subject Page 

Table 16 
Other Studied Factors And Recurrence 

Of HCV Related Hepatitis. 
179 

Table 17 Other Studied Factors And Rejection. 182 

Table 18 Other Studied Factors And Death. 184 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 List of Charts  

 

 V 

List of Charts 

Chart Subject Page 

Chart 1 
Male to female ratio in the study 

population 
173 

Chart 2 
Ratio between HCC patients and non 

HCC patients in the study population. 
173 

Chart 3 
Incidence of HCV recurrence in 

transplanted livers 
176 

Chart 4 
Incidence of CMV infection after 

LDLT. 
177 

Chart 5 
Incidence of graft rejection after 

LDLT. 
177 

Chart 6 
Incidence of death within one year 

after LDLT.  
177 

 

 

 

 

 

 

 

 

 

 





 List of Graphs  

 

 VI 

List of Graphs 

Graph Subject Page 

Graph 1 Relation between mean operative 

time and recurrence of HCV related 

hepatitis after LDLT. 

180 

Graph 2 Relation between cold ischemia 

duration and recurrence of HCV 

related hepatitis after LDLT. 

181 

Graph 3 Relation between post operative 

HCV PCR and recurrence of HCV 

related hepatitis after LDLT. 

181 

Graph 4 Relation between BMI of the 

recipient and incidence of graft 

rejection. 

183 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 List of Graphs  

 

 VII 

List of Abbreviations 

 AASLD : American Association for the Study of Liver Diseases 

 Ab  : Antibody 

 ACR  : Acute Cellular Rejection 

 AD : Alzheimer’s Disease 

 AFP :  Alpha-fetoprotein 

 AFP-L3  : Lens Culinaris Agglutinin-Reactive AFP 

 Ag  : Antigen 

 AIDS : Acquired Immune Deficiency Syndrom 

 AIH : Auto-immune hepatitis. 

 ALD : Alcohol related liver disease. 

 ALDLT  : Adult living donor liver transplantation  

 AP  : Alkaline phosphatase 

 ALT : Alanine transaminase  

 AMR  : Antibody-Mediated Rejection  

 Apo : Apolipoprotein  

 ARFP : Alternate Reading Frame Protein 

 AS  : Anastomotic  

 ASO : Allele specific oligonucleotide 

 AST : Aspartate transaminase. 

 BAR : Balance of risk 

 BD : bile duct 

 BMI : Body mass index 

 Bp  : Base pair 



 List of Graphs  

 

 VIII 

 CA19-9 : Cancer Antigen 19-9  

 CBC : Complete blood count 

 CC            :Cholangiocarcinoma 

 CD : Cluster of differentiation  

 CDC : Center of disease control and prevention 

 CEA : Carcinoembryonic antigen 

 CKD : Chronic kidney disease 

 CM : Chylomicron 

 CMV : Cytomegalovirus 

 CNS : Central nervous system  

 CPP : Cerebral perfusion pressure 

 CT  : Computed tomography 

 CTP : Child –Turcotte –Pough 

 CVD : Cardiovascular disease 

 DAA  : Direct acting antivirals  

 DCD  : Donation after cardiac death  

 DCP : Des-gamma Carboxy Prothrombin 

 DDLT : Deceased donor liver transplantation  

 DNA : De-Oxy Ribonucleic Acid 

 E1, 2 : Envelope Protein 1, 2 

 EASL : European Association For Study Of Liver Diseases 

 EBV : Ebstein-Barr virus 

 ECG : Electrocardiogram 

 ER  : Endoplasmic reticulum 

 ERCP  : Endoscopic retrograde cholangio pancreatography  



 List of Graphs  

 

 IX 

 ESLD : End stage liver disease 

 ESPL : Extended spectrum beta lactamase 

 ETVR : End of treatment virological response 

 F:M : Female: Male 

 FHF : Fulminant hepatic failure 

 g/day : Gram per day 

 g/ml : Gram per milliliter 

 GFR : Glomerular filtration rate 

 GGT : Gamma-glutamyl transpeptidase 

 GPC3 : Glypican 3 

 GRWR  : Graft/recipient weight ratio  

 HBV : Hepatitis B virus 

 25 HC : 25 Hydroxy-cholesterol 

 HCC : Hepatocellular carcinoma 

 HCV : Hepatitis C virus 

 HDL : High density lipoprotein 

 H&E : Heamatoxylin and eosin 

 HIV : Human immunodeficiency virus 

 HLA : Human leucocyte antigen 

 HLP3 : Type 3 hyperlipidemia 

 HPV : Human papiloma virus 

 hrs  : Hours 

 HSPG : Herparin sulphate proteoglycan 

 HPS : Hepato-Pulmonary Syndrom 

 HSV : Herpes simplex virus. 


