
 

 

Circulating mRNA of Lamin B1 for Detection 

of Early Stages of Hepatocellular Carcinoma  

Thesis 
Submitted for Partial Fulfillment of MD Degree 

In Clinical Pathology 

By 

Amani Mohamed Abdel Ghani 
(M.B;B.Ch. MSc. of Clinical Pathology) 

Faculty of Medicine - Ain Shams University 

Supervised by 

Prof. Dr. Nasser Sadek Rezk 

Professor of Clinical Pathology 
Faculty of Medicine - Ain Shams University 

Prof. Dr. Mona Mostafa Osman 
Professor of Clinical Pathology 

Faculty of Medicine - Ain shams University 

Dr. Amira Ibrahim Hamed 
Assistant Professor of Clinical Pathology 

Faculty of Medicine - Ain shams University 

Dr. Ashraf Mohammad Al-Breedy 
Assistant Professor of Tropical Medicine and Infectious Diseases 

Faculty of Medicine - Ain shams University 

Dr. Hoda Ahmed Abd El - Sattar 
Lecturer of Clinical Pathology  

Faculty of Medicine - Ain shams University 

Faculty of Medicine 
Ain Shams University 

2016 



 

 

 

سورة البقرة آيت 

(32) 



 

 

  

First of all I would like to thank ALLAH for giving me 
the power to complete this work, may he be generous on 
me and give me the knowledge to help others. 

Words can never express my feelings, respect and 
gratitude to Prof. Dr. Nasser Sadek Rezk, Professor and Head 
of Clinical Pathology Department, for his continuous care, 
support, his invaluable guidance and constructive criticism in 
supervising this work. 

I am also deeply grateful and would like to express my 
sincere thanks and gratitude to Prof. Dr. Mona Mostafa Osman, 
Professor of Clinical Pathology for her great help and 
continuous contributions and great effort during the whole 
period of this work.  

Also, my profound gratitude to Dr.Amira Ibrahim 
Hamed, Assistant Professor of Clinical Pathology, for her kind 
supervision and support. It was a great honor to work under 
her supervision. 

I am greatly indebted to Dr. Hoda Ahmed Abd El - 
Sattar, Lecturer of Clinical Pathology, for her kind help, 
guidance and follow up throughout the whole work as she 
spared no effort in editing this work. 

Also special thanks for, Dr. Ashraf Mohammad Al-
Breedy, Assistant Professor of Tropical Medicine and 
Infectious Diseases, for his effort and support in this thesis. 
          Last, but not least, I would like to express my respect, 
appreciation and thanks to my parents, my husband and my 
friends for their continous praying, everlasting love and care. 

Amani Mohamed  



 

 

 

List of Contents 

Title            Page 

 List of Abbreviations ................................................ I 

 List of Tables ............................................................. IV 

 List of Figures ........................................................... VI 

 Introduction .............................................................. 1 

 Aim of the Work ....................................................... 4 

 Review of Literature 

I-Hepatocellular Carcinoma .............................. 5 

Risk factors ………………………………………..5 

Pathogenesis of HCC……………………………..6 

Staging systems of HCC ………………………...6 

Diagnosis of HCC………………………………….9 

Prognosis of HCC…………………………………13 

Surveillance and screening of HCC………….14 

II-Lamin B1 .......................................................... 15 

Site…………………………………………………..13 

  Lamin B1 gene…………………………………….13 

          Characteristic structural features of laminB1 17 

          Lamin B receptor………………………………….18 

          Expression…………………………………………..18 



 

 

          Lamins interactions………………………………19 

          Lamins cytoskeletal connections…….………..20 

         Physiological roles of Lamins…………………….. 20 

         Clinical utility of lamin B1………………………… 22 

         Methods of assay of laminB1…………………….. 25 

            

 Subjects and Methods .............................................. 33 

 Results ....................................................................... 63 

 Discussion ................................................................. 83 

 Summary and Conclusions ...................................... 92 

 Recommendations ................................................... 98 

 References ................................................................. 99 

 Arabic Summary ....................................................... - 

  



I 
 

List of Abbreviations  
 

2DE ...................... Two dimensional electrophoresis 

3D ......................... Three dimension 

ADLD .................... Adult-Onset Autosomal Dominant 

Leukodystrophy  

AFP ....................... Alpha fetoprotein 

AFU ...................... Alpha-L-fucosidase 

ALT ....................... Alanine amino transferase 

AST ....................... Aspartate aminotransferase 

AUC ...................... Area under curve 

BCG ...................... Bromocresol green 

BCLC .................... Barcelona-Clinic Liver Cancer staging 

system 

CA125 .................. Carbohydrate antigen 125 

CBC ...................... Complete blood count 

cDNA .................... Complementary DNA 

CEA ...................... Carcinoembryonic antigen 

CLD ...................... Chronic liver disease 

CT ......................... Computerized tomography 

Ct .......................... Cycle threshold 

DCP ...................... Des-gamma-carboxyprothrombin 

DNA ...................... Deoxynucleic acid 

dNTP ..................... Deoxyribose nucleotide triphosphate 

EASL ..................... European association for the study of 
the liver 

EDTA .................... Ethylene diamine tetraacetic acid 

ELISA ................... Enzyme linked immunosorbent assay 

FN ......................... False negative 

FP ......................... False positive 



II 
 

List of Abbreviations  
 

GAPDH ................. Glyceraldehyde-3-phosphate 

dehydrogenase  

GDNA .................... Genomic DNA 

GGT m RNA .......... Gamma glutamyl transferase 

HBsAg ................... Hepatitis  B surface antigen 

HBV ...................... Hepatitis B virus 

HCC ...................... Hepatocellular carcinoma 

HCV ...................... Hepatitis C virus 

HGF ...................... Hepatocyte growth factor 

HP1 ...................... heterochromatin protein 1 

HRP ...................... Horse radish peroxidase 

hTERT mRNA ....... Human telomerase reverse 
transcriptase mRNA 

IF .......................... Intermediate filament 

Ig .......................... Immunoglobulin 

IGFII mRNA .......... Insulin- like growth factor II-mRNA 

INM ....................... Inner nuclear membrane 

INR ....................... International normalized ratio 

IQR ....................... Interquartile range 

LBR ...................... Lamin B receptor 

LDH ...................... Lactate dehydrogenase 

MALDI-TOF .......... Matrix-assisted laser desorption / 

ionization Time of flight mass 
spectrometry 

MAPK ................... Mitogen activated protein kinase 

MDH ..................... Malate dehydrogenase 

MRI ...................... Magnetic resonance imaging 

mRNA ................... Messenger ribonucleic acid 



III 
 

List of Abbreviations  
 

MS ........................ Mass spectrometry 

NAD ...................... Nicotinamide adenine dinucleotide 

NE ......................... Nuclear envelope 

NPC ...................... Nuclear pore complexes 

NPV ...................... Negative predictive value 

OCT1 .................... Octamer 1transcription factor 

ONM ..................... Outer nuclear membrane 

OS ......................... Oxidative stress 

P5P ....................... Pyridoxil 5 phosphate 

PKCa .................... Protein kinase C alpha 

PPV ....................... Positive predictive value 

PST ....................... Performance status test 

PT ......................... Prothrombin time 

ROC ...................... Receiver operating characteristic 

curve 

RT-PCR ................. Reverse transcription polymerase 

chain reaction 

SCCA……………….. Squamous cell carcinoma antigen 

SDS ....................... Sodium deodecyl sulphate 

TGFB1 .................. Transforming growth factor-β1 

TN ......................... True negative 

TNM ...................... Primary tumor, lymphnode, 

metastasis staging system 

TP ......................... True positive 

US ......................... Ultrasonography 

VEGF .................... Vascular endothelial growth factor 

 

 



IV 
 

List of Tables 

Table No.   Title          Page 

Table (1): Child-Pugh classification ...................... 8  

Table (2): BCLC staging system for HCC ............. 9  

Table (3): The different available tumor 

markers for HCC ................................. 12  

Table (4): Genomic DNA elimination reaction 

components ........................................ 51  

Table (5): Reverse-transcription reaction 

components ........................................ 51  

Table (6): Reaction setup for two-step RT-PCR .... 53  

Table (7): Cycling Conditions for Two-Step RT-

PCR .................................................... 54  

Table (8): Descriptive Statistics of the 

Measured Parameters in the Three 

Different Studied Groups ..................... 68  

Table (9): Statistical Comparisons Between 

Serum AFP and Lamin B1 in the 

Three Studied Groups Using 

Kruskal-Wallis Test ............................. 69  

Table (10): Comparison between Each Two 

Groups, as regards Serum AFP and 

Lamin B1 Using Wilcoxson’s Rank 

Sum Test ............................................ 70  

Table (11): Statistical Comparisons Between 

Serum AFP and Lamin B1 in the 

Different Stages of HCC (A, B&C) 

Using Kruskal-Wallis Test ................... 71  



V 
 

List of Tables 

Table No.   Title          Page 

Table (12): Comparison of AFP and Lamin B1 

Between Each Two Groups of the 

Three Stages of HCC Using 

Wilcoxson’s Rank Sum Test ................. 72  

Table (13): Statistical Comparisons between 

Serum AFP and Lamin B1 in Group 

II versus the Three Stages of HCC 

using Wilcoxson’s Rank Sum Test ....... 73  

Table (14): Statistical Comparisons between AFP 

and Lamin B1 in HCC patients with 

T1 versus T2 & Tm Using 

Wilcoxson’s Rank Sum Test ................. 74  

Table (15): Statistical Comparisons Between 

AFP and LaminB1 in HCC patients 

with Tumor Size >3cm versus those 

with Tumor Size ≤ 3cm Using 

Wilcoxson’s Rank Sum Test ................. 75  

Table (16): Correlation Study Between AFP & 

Lamin B1 in the Three Studied 

Groups Using Ranked Spearman 

Correlation Test .................................. 76  

Table (17): Diagnostic Performance of AFP & 

Lamin B1 Among Different Studied 

Groups ................................................ 77  

 

 



VI 
 

List of Figures 

Figure No.  Title       Page 

Fig. (1): Flowchart for surveillance & 

screening of HCC ................................ 14  

Fig. (2): Schematic diagram of the nuclear 

envelope and nuclear lamina ............... 16  

Fig. (3): Lamin B1 protein structure ................. 18  

Fig. (4): Nuclear lamins: localization at the 

nuclear periphery and within the 

nucleoplasm ........................................ 19  

Fig. (5): Up-regulation of lamin B1 

expression in HCC cell lines by 

Western blot analysis .......................... 27 

Fig. (6): The principle of immune-

histochemistry .................................... 29 

Fig. (7): Immunohistochemical staining of 

liver tissues ......................................... 29  

Fig. (8): Diagram showing sandwich ELISA steps .. 32  

Fig. (9): Steps of mRNA quantification using 

real-time RT-PCR ................................ 41  

Fig. (10): A plot showing log increase in 

fluorescence versus cycle number, 

generated by real time amplification 

of serial dilutions of a quantification 

standard ............................................. 43  

Fig. (11): Standard curve with plotting of cycle 

threshold (Ct) versus log of 

concentrations of quantification 

standard in real time PCR ................... 44  



VII 
 

List of Figures 

Figure No.  Title       Page 

Fig. (12): The miRNeasy mini kit spin column 

extraction procedure ........................... 49  

Fig. (13): Steps of formation of cDNA by 

Quantitect RT kit ................................ 52  

Fig. (14): Flowchart of RT-PCR steps .................. 55  

Fig. (15): ROC curve analysis showing the 

diagnostic performance of AFP and 

Lamin B1 mRNA for discriminating 

patients with group I (HCC) from 

group II (chronic liver disease 

patients) and III (healthy controls) ....... 78  

Fig. (16): ROC curve analysis showing the 

diagnostic performance of AFP & 

Lamin B1 mRNA for discriminating 

patients with HCC stage A from 

group II (those with chronic liver 

disease) ............................................... 79  

Fig. (17): ROC curve analysis showing the 

diagnostic performance of AFP & 

Lamin B1 mRNA for discriminating 

patients with HCC stage B from 

those of stage A ................................... 80  

Fig. (18): Multi-ROC curve analysis showing 

the diagnostic performance of AFP, 

Lamin B1 mRNA and combined use 

of increased AFP or increased Lamin 

B1 for discriminating patients with 

HCC from chronic liver disease ............ 81  



VIII 
 

List of Figures 

Figure No.  Title       Page 

Fig. (19): Multi-ROC curve analysis showing the 

diagnostic performance of both AFP, 

Lamin B1 mRNA and combined use of 

increased AFP and increased Lamin 

B1 for discriminating patients with 

HCC from chronic liver disease ............. 82  



 

9 

 

Introduction 

Hepatocellular carcinoma (HCC) is the fifth most 

common cancer and the third leading cause of death 

worldwide, causing 600,000 deaths annually (Terry and 

Copur, 2013). In Egypt, HCC accounts for 4.7% of all liver 

diseases. Hospital-based studies have reported an overall 

increase in the relative frequency of all liver cancers in 

Egypt from approximately 4% in 1993 to 7.3% in 2003, 

more than 95% of which being HCC (El-Garem et al., 

2013). 

In an attempt to study the trend of HCC in Egypt and 

the possible associating risk factors, El-Zayadi et al.(2005) 

found that 86.9% and 28.4% of the studied HCC cases were 

positive for hepatitis C virus (HCV) antibodies and 

hepatitis B surface antigen (HBsAg) respectively. Indeed, 

liver cirrhosis is the major risk factor for HCC worldwide 

and is mainly due to chronic HCV or HBV infection and 

alcohol intake (Gomaa et al., 2009).  

Patients diagnosed at an early stage of HCC have the 

best prognosis, where resection and transplantation achieve 

the best outcomes in well-selected candidates, with a 5-

year-survival rate of 50 to 70% (Llovet et al., 2004). 

Unfortunately, only 10-20% of primary HCCs are 
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resectable at the time of diagnosis, therefore, surveillance, 

currently based on abdominal ultrasound (US) and serum 

alphafetoprotein (AFP), is recommended for all cirrhotic 

patients and other specific risk groups every 6 months. AFP 

is currently considered „the golden standard‟ of serum 

markers for HCC. However, the usefulness of AFP testing 

for the population at risk is seriously questioned. It has 

shown poor diagnostic values for early HCC. Applying a 

cut-off value > 100 μg/L, its sensitivity ranges from 20%-

30% for potentially resectable tumors of less than 3 cm in 

diameter. Moreover, the AFP cut-off level for the diagnosis 

of HCC is still a subject of debate. Assay of lens culinaris-

reactive AFP, which is also known as AFP-L3, it is the 

main glycoform of AFP in the serum of HCC patients 

increased the sensitivity of AFP to ˃50% at the cut-off level 

of 15% of total AFP, yet it is not routinely measured 

(Gomaa et al., 2009 and Sun et al., 2010).  

Currently, US represents the primary radiologic tool 

for HCC surveillance of at-risk populations. However, US 

has limited sensitivity (˂60%) to detect small HCC 

especially in obese patients and those with underlying 

cirrhosis. The gold standard test for diagnosis of HCC is 

spiral computerized tomography (C.T.) which has advanced 

sensitivity and specificity over US. Unfortunately, its use in 

HCC surveillances have been limited, since the diagnostic 


