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ABSTRACT 
 
 

GE�ETIC A�D EPIGE�ETIC EVALUATIO� OF  

THE CA�DIDATE GE�ES I�  

HUMA� HEPATOCELLULAR CARCI�OMAS 

 

Tolga Acun 

Ph.D. in Molecular Biology and Genetics 

Supervisor: Assist. Prof. Dr. K. Can AKÇALI 

AUGUST 2010 

 

 Hepatocellular carcinoma (HCC) is the fifth most-common cancer and the 

third most common cause of cancer related mortality worldwide. HCC is also the 

most common type of liver cancer. Hepatocarcinogenesis is a multistep process that          

is not completely understood until today. In this study, we genetically and          

epigenetically evaluated candidate genes and molecular pathways which may act in 

hepatocarcinogenesis. 

 The RAS/RAF/MAPK pathway was genetically investigated and no mutation 

was described in HCC cell lines for the genes MEK1 (MAP2K1), MEK2 (MAP2K2), 

ERK1 (MAPK3), ERK2 (MAPK1) and PTP�11 (SHP2). 

 TP53 pathway is also a common target for inactivation during liver 

carcinogenesis. Our analysis indicated that the presence of the MDM2-SNP309 G 

allele is inversely associated with the presence of somatic TP53 mutations. This 

finding suggests that the MDM2-SNP309 G allele may functionally replace TP53 

mutations, and in addition to known etiological factors, may be partly responsible for 

differential HCC prevalence. 



 v 

 Epigenetic silencing of SIP1 gene in HCC together with its reduced mRNA 

and protein level in tumors relative to normal liver tissue indicated SIP1 as a 

potential tumor suppressor role. Inconsistent with previously published findings in 

other types of cancers, our results showed for the first time that PTPRD gene is 

epigenetically downregulated and mutated in liver cancers. Among other candidates 

our results suggest; FBXL11, TUBA3C, TPTE2, IQSEC1, MIPOL1, CHUK, MCL1, 

MAGI-2 and PTPRCAP genes are involved in hepatocarcinogenesis. 
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ÖZET 

 
 

Đ�SA� HEPATOSELÜLER KARSĐ�OMALARI�DAKĐ 

ADAY GE�LERĐ� GE�ETĐK VE EPĐGE�ETĐK OLARAK 

Đ�CELE�MESĐ 

 

 

Tolga Acun 

Moleküler Biyoloji ve Genetik Doktorası 

Tez Yöneticisi: Yard. Doç. Dr. K. Can AKÇALI 

AĞUSTOS 2010 

 

 Hepatoselüler karsinoma (HK) dünya çapında, diğer kanser türleri arasında    

5. en yaygın kanser türü ve 3. en yaygın kanser ilişkili ölüm sebebi                     

olarak sınıflandırılabilir. HK ayrıca en yaygın karaciğer kanseri tipidir. 

Hepatokarsinojeneziz çok adımlı bir süreçtir ve bu süreç bugüne kadar tam olarak 

anlaşılamamıştır. Bu çalışmada, hepatokarsinojenezizde rol oynayabilecek aday 

genler ve moleküler yolaklar genetik ve epigenetik bakımdan değerlendirilmiştir. 

 RAS/RAF/MAPK yolağı genetik bakımdan incelenmiş ve HK hücre 

hatlarında, MEK1 (MAP2K1), MEK2 (MAP2K2), ERK1 (MAPK3), ERK2 (MAPK1) 

ve PTP�11 (SHP2) genlerinde hiçbir mutasyon saptanmamıştır. 

 TP53 yolağı karaciğer karsinojenezizinde genel bir inaktivasyon hedefidir. 

Analizimiz MDM2-SNP309 G aleli varlığının, somatik TP53 mutasyonları varlığı ile 

ters orantılı olduğunu göstermiştir. Bu bulgu, MDM2-SNP309 G alel varlığnın 

fonksiyonel olarak TP53 mutasyonlarının yerini alabileceğini ve etiyolojik faktörlere 
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ek olarak, HK yaygınlık farklılıklarının bir kısmından sorumlu olabileceğini 

düşündürmektedir. 

 SIP1 geninin epigenetik olarak susturulmuş olmasıyla beraber, bu genin 

karaciğer tümörlerinde normal karaciğer dokusuna göre düşük mRNA ve protein 

ifade seviyesine sahip olması, SIP1 geninin potensiyel bir tümör baskılayıcı gen 

olabileceğini işaret etmektedir. Başka kanser türlerinde önceki yayımlanmış 

çalışmalarla uyumlu olarak, bizim sonuçlarımıza göre PTPRD geni ifadesinin 

epigenetik olarak baskılandığı ve mutasyona uğradığı karaciğer tümörlerinde ilk kez 

gösterilmiştir. Çalışmamız, diğer aday genler arasında, FBXL11, TUBA3C, TPTE2, 

IQSEC1, MIPOL1, CHUK, MCL1, MAGI-2 ve PTPRCAP genlerinin 

hepatokarsinojenezizde rol oynadığını öne sürmektedir. 
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CHAPTER 1  

I�TRODUCTIO� 

 

1.1. Hepatocellular Carcinoma 

1.1.1. Epidemiology 

 
 HCC is the fifth most-common malignancy in the world and is the third             

most-common cause of cancer-related mortality worldwide (Ferlay J. et al., 2001; 

Parkin D.M. et al., 2001). Among other types of histologically distinct primary             

hepatic neoplasms, such as intrahepatic bile duct carcinoma (cholangiocarcinoma),  

hepatoblastoma, bile duct cystadenocarcinoma, haemangiosarcoma and epitheliod 

haemangioendothelioma, HCC is the most common type of liver cancer, representing 

83% of all cases (“Cancer Facts and FIGS”, 2005; Anthony P., 2002). 

 Incidence of HCC vary according to geographical region. Most HCC cases 

are seen in sub-Saharan Africa or in Eastern Asia (Figure 1.1.1). China alone 

accounts for more than 50% of the world’s cases. Incidence also vary according to 

sex. Males have higher HCC rates than females with a ratio between 2:1 to 4:1. High 

HCC incidence in males is thought to be not only due to sex-specific differences in 

exposure to risk factors but also due to androgens. (Rudolph KL et al., 2000; El-

Serag H.B. and Rudolph K. L., 2007). 
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Figure 1.1.1 : Regional difference in the mortality rates of HCC categorized by age-
adjusted mortality rates. The rates are reported per 100,000 persons (from “El-Serag 
H.B. and Rudolph K. L., 2007” with permission) 

1.1.2. Aetiologies of hepatocellular carcinoma 

 Today, hepatocarcinogenetic process is much more better understood. It 

nearly always developes after chronic hepatitis or cirhosis during which many 

hepatocytes die and inflamatory cells invade the liver. Some agents that are known as 

causes of HCC and leading to marked variation in HCC incidence have been 

determined (Grisham J.W., 2001; Bosch F.X., et al. 1999; Buendia M.A., et al. 

2000). These agents - hepatitis B virus (HBV), hepatitis C virus (HCV) and aflatoxin 

B1 (AFB) – are responsible for about 80% of all HCCs. There are several other risk 

factors that have also been associated with HCC. Such factors include exposure to 

vinyl chloride, tobacco, heavy alcohol intake, nonalcoholic fatty liver disease, 

diabetes, obesity, coffee, oral contraceptives and hemochromatosis (Aravalli R.N. et 

al., 2008). Prevalancy of these factors vary according to geographical regions. For 

instance, chronic hepatitis B virus (HBV) infection is prevalent in Africa and many 

Asian countries whereas hepatitis C virus (HCV) is dominant in Japan and the United 

States (El-Serag H.B. et al., 2007).  
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1.1.2.a. Hepatitis B Virus 

 
 Hepatitis B virus (HBV) infection is the most prominent cause of HCC with 

an estimated 320,000 deaths annualy. Previous studies have shown that HBV 

infection increased the risk of HCC 5- to 15-fold compared to general poulation (El-

Serag H.B. et al., 2007). 

 HBV is a non-cytopathic, partially double-stranded hepatotropic DNA virus 

classified as a member of the hepadnaviridae family. The HBV genome encodes 

several viral proteins essential to its life cycle, including the capsid protein known as 

hepatitis B core antigen (HBcAg), a reverse transcriptase/DNA polymerase (pol), 

and the L, M and S envelope proteins that associate with the endoplasmic reticulum 

(ER) membrane as part of their replication process. HBV also encodes some other 

proteins whose functions are not fully understood, such as protein x (HBx) (Block 

T.M. et al., 2003) 

 Several studies have shown that HBV is directly involved in the 

transformation process. Integration of HBV genome to the host genome has been 

associated with host DNA microdeletions (Tokino T. et al., 1991). These deletions 

can target cancer-relevant genes including platelet-derived-growth-factor receptor-β 

(PDGFRβ), PDGFß, mitogen activated protein kinase 1 (MAPK1) and telomerase 

reverse transcriptase (TERT) (Murakami Y. et al., 2001). HBx protein can bind and 

inactivate the tumor suppressor p53 in vitro, which increase cellular proliferation and 

survival (Feitelson M. A. et al., 2002; Ueda H. et al., 1995). The HCC inducing  

potential of HBx has been genetically validated in HBx transgenic mice. 90% of 

these mice have develop HCC (Kim C.M. et al., 1991; Yu D.Y. et al., 1999). Finally, 

HBx transcriptional activation can change the expression of growth-control genes, 

such as SRC tyrosine kinases, RAS, RAF, MAPK, ERK, J�K (Tarn C. et al., 2001; 

Nijhara R. et al., 2001; Feitelson M.A. et al., 2002). 
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1.1.2.b. Hepatitis C Virus 

 Chronic hepatitis C virus infection is an another major risk factor for HCC 

development. HCV-infected patients have 17-fold higher risk of getting HCC 

compared with HCV-negative controls (Donato F. et al., 2002). HCV have very high 

propensity to yield chronic infection than HBV (60-80% versus 10% respectively) 

Also propensity of HCV to promote liver cirrhosis is approximately 10–20-fold 

higher than HBV (Rehermann B. & Nascimbeni M., 2005). 

 HCV is classified as a member of the flaviviridae family. It is a non-

cytopathic positive-stranded RNA virus. The HCV genome encodes non-structural 

proteins (NS2, NS3, NS5B, NS4A and NS5A) and viral envelope proteins (E1 and 

E2) (Farazi P.A. and DePinho R.A., 2006). This virus has no reverse transcriptase 

activity and does not integrate itself into the host genome (McKillop I.H. et al., 

2006). It is suggested that HCV core protein is involved in the regulation of cell 

growth, as it can transcriptionaly regulate some cellular genes, including the proto-

oncogene c-myc. Furthermore, the hepatic tumor inducing effect of HCV core 

protein has been seen in transgenic mice expressing the HCV core protein (Ray R.B. 

et al., 1995; Moriya K. et al., 1998). Another possible mechanism of HCV for HCC 

induction is its ability to inhibit apoptosis activators such as Fas and tumor necrosis 

factor-α (TNF- α) (Marusawa H. et al., 1999; Jin X., 2006) 

 Also, the HCV nonstructural proteins NS3 and NS5A have been shown to 

have direct oncogenic potential as indicated by their ability to promote anchorage 

independent growth when expressed in fibroblasts and tumor formation in nude mice 

(Sakamuro D. et al., 1995; Ghosh A.K. et al., 1999). 

1.1.2.c. Aflatoxin B1 

 Aflatoxin B1 is a strong hepatocarcinogen and “International Agency for 

Research on Cancer” classified it as carcinogen (IARC, 1987). It is a fungal toxin 

(mycotoxin) produced by fungi Aspergillus that contaminate food such as nuts, 

grains and spices that are stored in humid conditions. In some areas, having high 

incidence of HCC such as South-East Asia and sub-saharan Africa, the rate of 

Aflatoxin B1 contamination together with HBV infection is also high. Aflatoxin B1 
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function as a mutagen and it induces G to T mutations. The most striking one is p53              

hotspot mutation at codon 249 resulting in an Arg to Ser alteration in the p53 protein 

This mutation has been observed in 30%–60% of HCC tumors in aflatoxin-endemic 

areas (Ozturk M., 1991; Bressac B. et al., 1991; Turner P.C. et al. 2002).       

Aflatoxin B1 also have an mutational activation effect on HRAS oncogen (Riley J. et 

al., 1997). Aflatoxin B1 is metabolized by cytochrome p450 and converted to its 

exo-8,9-epoxide form which inturn react with guanine nucleotide and form DNA 

adducts. (Figure 1.1.2.) These DNA adducts result in heritable genetic changes that 

force the hepatocyte toward transformation (Smela et al., 2001; Essigmann J.M., et 

al. 1983). Aflatoxin B1 exposure often coexists with HBV infection, and such 

individuals have a 5–10-fold increased risk of developing HCC compared with 

exposure to only one of these factor (Kew, M.C., 2003). 

 

 

 
 
Figure 1.1.2 :  Metabolic conversion of aflatoxin B1 to the 8,9-epoxide by 
cytochrome p450 and subsequent DNA adduct formation (from “Smela et al., 2001” 
with permission). 
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1.1.2.d. Alcohol 

 Heavy alcohol intake -more than 50–70 g/day for prolonged periods- is an 

another important HCC risk factor (Longnecker M.P., 1995; McKillop I.H., Schrum 

L.W., 2005). But the risk of HCC is not clear with low or moderate alcohol intake. 

Alcohol can damage the liver by three ways; inflammation, oxidative stress and 

cirrhosis. Alcohol causes the production of proinflammatory cytokines through 

monocyte activation and provokes increased concentrations of circulating endotoxin. 

Küpffer cells -specialized macrophages of the liver- become activated and releases 

many chemokines and cytokines such as TNFα, prostaglandin E2, interleukin-1β 

(IL1β), and IL6. These chemokines and cytokines have an adverse effect on 

hepatocyte survival. Chronic ethanol intake can increase the sensitivity of 

hepatocytes to the cytotoxic effects of TNFα which leads to chronic hepatocyte 

destruction, cirrhosis and finally HCC (McClain C.J. et al., 2002; Hoek J.B. & 

Pastorino J.G., 2002). 

 Ethanol metabolism is a two-step process involving the conversion of ethanol 

to acetaldehyde and conversion of acetaldehyde to acetate by the aldehyde 

dehydrogenase enzyme. In both process, NADH molecule is produced which result 

in the synthesis of reactive oxygen species (ROS) and hepatic oxidative stress 

(Figure 1.1.3). In addition, acetaldehyde, if accumulates in the cell, causes the 

formation of protein and DNA adducts and additional ROS generation (Ekstrom G. 

and Ingelman-Sundberg M., 1989). 

 Alcohol induced oxidative stress might be implicated in hepatocarcinogenesis 

in several ways. First, it provokes the development of fibrosis and cirrhosis which 

can lead to HCC. Second, it could have an effect on HCC-relevant signalling 

pathways. The loss of the protective effects of IFNγ results in hepatocyte damage 

(Osna N.A., 2005). Increased oxidative stress results from iron overload (hereditary 

haemochromatosis) might also be associated with the accumulation of oncogenic 

mutations such as TP53 mutations (Marrogi A.J. et al, 2001). Alcohol induced 

oxidative stress may also contribute telomere shortening which help the process of 

chromosomal instability, liver cirrhosis and ultimately HCC (Kurz D.J. et al., 2004). 
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Figure 1.1.3 : Hepatic ethanol metabolism. Ethanol is metabolized to acetaldehyde 
which is then metabolized by acetaldehyde dehydrogenase to acetate (from 
“McKillop I.H. et al., 2006” with permission). 
 

1.1.3. Molecular mechanisms and Genetic/Epigenetic 

Changes in HCC  

 Hepatocarcinogenesis is a multistep process which not only causes     

increased loss of differentiation, loss of normal cell adhesion and degradation of the 

extracellular matrix but also leads to progressive activation of some survival and 

growth-promoting pathways (McKillop I.H., 2006). 

 Chronic liver damage is a major driving factor of hepatocarcinogenesis as 

healthy liver rarely develops HCC during normal aging. High frequency of cell 

division helps hepatocarcinogenesis process to gain the genetic hits necessary for 

cellular transformation. But, this mechanism is unlikely to be a major mechanism of  

HCC. Chromosome copy number alterations and translocations are much more 

common in human HCCs. But, the most common condition associated with HCC is 

cirrhosis and it requires 20-40 years of chronic liver disease. Cirrhosis stage is 

characterized by low regenerarive capacity of the liver. There are 3 main 

mechanisms described which accelarate the HCC formation after the cirrhosis stage; 
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telomere shortening, slow hepatocyte proliferation, changes at the micro- and macro-

environment of the liver. (El-Serag H.B., et al. 2007). 

 During the long preneoplastic stage, mitogenic pathways are upregulated 

partly by epigenetic mechanisms which leads to accelerated hepatocyte cycling. This 

stage is characterized by chronic hepatitis, cirrhosis, or both. Dysplastic hepatocytes       

form monoclonal populations which have telomere erosion, telomerase re-

expression, microsatellite instability, and finally defective genes and chromosomes. 

Accumulation of these structural changes in genes and chromosomes form the basis 

of HCC. But the genomic changes that leads to malignant phenotype of the liver is 

heterogeneous. Many genes that are function in several different molecular pathways 

could be effected to cause HCC (Figure 1.1.4, Figure 1.1.5) (Thorgeirsson S.S. & 

Grisham J.W., 2002). 

 Molecular analysis of HCC show that Rb1, p53, and Wnt pathways are the 

most common pathways affected during hepatocarcinogenesis. Loss of P16
I�K4A and 

RB1 expression through promoter methylation and amplification of C-MYC and 

Cyclin D1 are the most common alterations (Table 1.1. and Table 1.2.) (Edamoto Y. 

et al., 2003). Also telomerase is shown to be activated in more than 90% of human 

HCC and up-regulated telomerase reverse transcriptase (hTERT) is a bonafide 

marker of human HCC (Llovet J.M. et al., 2006). 
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Figure 1.1.4 : Multistep process of hepatocarcinogenesis (from “Thorgeirsson S.S, 
2002” with permission) 
 

 

 

Figure 1.1.5 : Mechanisms of hepatocarcinogenesis for the various aetiologic factors 
(from “Farazi,P.A. and DePinho,R.A. 2006” with permission) 
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Genes LOH (%) Mutations (%) 

TP53 (17p13) ~42 ~27 

M6P/IGF2R  (6q27) ~42 ~13 

RB (13q) ~35 ~22 

P16 (9p21) ~30 ~6 

PTE� (10q) ~30 ~17 

RU�X3, P73 (1p36) ~35 --- 

β-CATE�I� --- ~22 

SMAD2 & SMAD4 --- ~10 

 
Table 1.1 : Genes subjected to LOH, mutation or both in HCC (Thorgeirsson S.S, 
2002; Xiao WH and Liu WW, 2004; Polakis P., 2000; Yakicier M.C. et al. 1999) 
 

 

Alterations of  
Cell Cycle and Apoptosis 

Checkpoints 

Alterations of  
Developmental 

Pathways 

Alterations of  
Oncogenic Pathways 

 Activation Inactivation Activation Inactivation Activation Inactivation 

Gankyrin 
(100%) 

P16 
(80%) 

Hedgehog 
(50-60%) 

Prickle 1 
(55%) 

Telomerase 
(>90%) 

PTEN 
(41%) 

MDM2  
(45%) 

IGF2R 
(>60%) 

MET 
(30-40%) 

 
MYC 

(30-60%) 
 

 
P27  

(50%) 

WNT-β 
Cat. 

(26%) 
 

PI3K/AKT 
(38%) 

 

 
P53 

(20-50%) 
    

 
ARF  

(20%) 
    

 

Table 1.2 : Common alterations in cell cycle/apoptosis, developmental and 
oncogenic pathways in HCC (adapted from El-Serag HB, Rudolph KL., 2007). 
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 Genetic and epigenetic events in HCC and their relationship to phenotype               

are poorly understood. During hepatocarcinogenesis gross genomic alterations    

occur such as chromosomal deletion or amplification, CpG methylation, DNA 

hypomethylation, DNA rearrangements. (Xu X.R. et al., 2001; Herath N.I., 2006). 

Chromosomal gains in 1q, 5p, 5q, 6p, 7q, 8q, 11q, 17q and 20q and losses in 1p, 4q, 

6q, 8p, 10q, 13q, 16p, 16q, 17p can be listed as frequent genomic alterations in HCC 

(Farazi P.A. and DePinho R.A., 2006; Midorikawa Y. et al., 2006) (Table 1.3). 

Promoter hypermethylation has also been shown in HCC at tumor suppressor and 

tumor related genes such as P16, P14, P15, SOCS-1, CASP8 and E-CADHERI�.           

(Table 1.4) C-MYC is overexpressed in HCC predominantly with promoter 

hypomethylation and with gene amplification (Herath N.I., et al. 2006; Tischoff I. 

and Tannapfel A., 2008; Yu J. et al., 2002). 

 

  

Gain (%) LOH (%) 

1q (72.2%) 1p (22.2%) 

5p (25%) 4q (27.7%) 

5q (30.5%) 6q (27.7%) 

6p (33.3%) 8p (55.5%) 

7q (22.2%) 10q (33.3%) 

8q (61.1%) 13q (47.2%) 

17q (25%) 16p (25%) 

20q (25%) 16q (36.1%) 

 17p (66.7%) 

 

Table 1.3 : Common chromosomal gain and losses in HCC (Farazi P.A. and 
DePinho R.A., 2006; Midorikawa Y. et al., 2006). 
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Gene Location Function 
Methylation 

Frequency (%) 

p16
I�K4a

 9q21 CDK inhibitor 17-83 

p14
ARF

 9q21 MDM2 inhibitor 25-30 

CASP8 2q33 Apoptosis 72 

TMS1/ASC 16p11.2 Apoptosis 80 

E-Cadherin 16q22.1 Cell adhesion 33-67 

M-Cadherin 16q24.1 Cell adhesion 55 

H-Cadherin 16q24.2-3 Cell adhesion 21 

TIMP3 22q12 MMP inhibitor 13-19 

hMLH1 3p21.3 Mismatch repair 18-44 

hMSH2 2p21-22 Mismatch repair 68 

hMSH3 5q11-12 Mismatch repair 75 

MGMT 10q26 DNA repair 22-39 

GSTP1 11q13 Detoxification 41-58 

SOCS-1 16p13.13 Cytokine inhibitor 60 

SOCS-3 17q25.3 Cytokine inhibitor 33 

RASSF1A 3p21.3 Apoptosis 54-95 

SEMA3B 3p21.3 Apoptosis 80 

FHIT 3p14.2 Histidine triad protein 71 

 
Table 1.4 : Commonly methylated genes in HCC (adapted from Tischoff I. and 
Tannapfel A., 2008). 
 
 In this study, we genetically and epigenetically evaluated candidate genes that 

are fullfiil our selection criteria: (a) the gene must be shown to be a tumor suppressor 

or oncogene, but not studied in HCC; (b) it must have a role or be a member of a 

pathway in important cellular processes such as apoptosis, senescence or 

proliferation; (c) it must be located in commonly deleted or amplified regions in 

HCC and (d) alterations of it must be shown to trigger HCC in animal models.           

The chromosomal regions; 13q12, 11q13 and RAS/RAF/MAPK pathway genes 

genetically dissected. Other candidates either targeted by genetic events or indicated 

in the literature were evaluated. A total of 18 genes; SIP1, PTPRD, MDM2, FBXL11, 

PTPRCAP, TUBA3C, Z�F198, TPTE2, IQSEC1, MIPOL1, CHUK, MCL1, MAGI-2, 

PTP�11, MEK1, MEK2, ERK1, ERK2 were evaluated in terms of their mRNA and 

protein expression and genetic/epigenetic alterations. 
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1.2. SIP1/ZEB2/ZFHX1B (Chr 2q22) 

 Carcinogenic process involves a series of events that allow cells to bypass 

senescence. Replicative senescence (telomere-dependent senescence, permanent 

growth arrest or M1 stage) is a potent anti-carcinogenic program and is believed to 

be initiated by the critically shortened telomers or by the loss of telomer integrity that 

activates cell cycle check point pathways involving p53, p16INK4a, p21 and/or pRb 

proteins. In the absence of functional p53 and p16INK4a/pRb pathway responses, 

telomeres continue to shorten resulting in crisis also called M2 stage. (Ozturk N. et 

al., 2006; Shay W.J. and Roninson I.B., 2004). During carcinogenesis, cancer cells 

bypass crisis by reactivating hTERT (human  Telomerase Reverse Transcriptase) 

expression and gain the ability for indefinite cell proliferation, also called 

immortality. In recent studies, several genes including SIP1, hSIR2, C-MYC, MAD1, 

ME�I�, RAK and BRIT1 have been shown to be implicated in the mechanism of 

hTERT expression (Lin S.Y. and Elledge S.J., 2003; Wang J. et al., 1998) but only 

SIP1 gene was strongly expressed in hTERT-negative senescent cells. Functional 

inactivation of SIP1 in senescent cells has been shown to be enough to bypass the 

senescent arrest. SIP1 is thought to serve as a molecular switch between replicative 

immortality and replicative senescence fates in HCC (Ozturk N. et al., 2006). SIP1 

could also inhibit cell proliferation directly by downregulating CYCLI�-D expression 

(Mejlvang J. et al., 2007). Taken together with in vitro studies, these observations 

suggest that SIP1 may acts as a tumor suppressor gene in HCC but the mechanisms 

that contribute to the regulation of SIP1 expression are not completely known. 

 SIP1 gene (2q22) (Smad Interacting Protein-1, ZEB2 or ZFHX1B), encoding 

two-handed zinc finger homeodomain transcription factor protein,  belongs to a small 

family of transcriptional repressors. ZEB2/SIP1 contains two Zn-finger clusters; at 

the N-terminal (N-ZF) and C-terminal (C-ZF) part of the protein (Figure 1.2.1). SIP1 

is involved in TGF-β signaling by binding to MH2 domain of Smads. (Nelles L. et 

al., 2003; Verschueren K. et al., 1999). 
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Figure 1.2.1 : ZEB2 exons and functional domains. N-ZF, N-terminal zinc finger 
cluster; SBD, Smad-binding domain; HD, homeodomain; CtBP, C-terminal binding 
protein interacting domain; C-ZF, C-terminal zinc finger cluster (figure adapted from 
Dastot-Le Moal F. et al., 2007). 
 

 Beside its tumor suppressor activity through TGF-β dependent hTERT down 

regulation, SIP1 also have cell invasiveness and tumor progression effect by 

repressing E-CADHERIN expression through which it promotes epithelial-

mesenchymal transition (EMT) (Comijn J., et al., 2001; Miyoshi A. et al., 2004) 

(Figure 1.2.2). 

 

 

Figure 1.2.2 : Upstream signaling events and downstream targets of the ZEB family 
of transcription factors (ZEB1 and ZEB2) and their phenotypic effects are 
summerized. (from “Vandewalle C. et al., 2009” with permission) 
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 SIP1 is essential for embryonic neural and neural crest development (Van de 

Putte T. et al., 2003) and its mutations cause severe defects in humans, namely 

Hirschsprung disease (Yamada K. et al., 2001; Wakamatsu N. et al., 2001) and 

Mowat-Wilson disease (Mowat D.R. et al., 2003;  Moal DL. F. et al., 2007). Studies 

showed that the SIP1 gene is expressed at high levels in almost all human somatic 

tissues tested, (heart, brain, placenta, lung, squeletal muscle) including liver and 

strongly positive in non-tumor liver samples, but its expression was significantly 

decreased in corresponding HCC samples (Ozturk N. et al., 2006;  Cacheux V. et al., 

2001). 

 Several studies showed that SIP1 is epigeneticaly regulated, including 

miRNAs (Bracken C.P. et al., 2008; Cano A. and Nieto M.A., 2008; Christoffersen 

N.R. et al., 2007; Park SM. et al. 2008; Gregory P.A. et al., 2008) natural antisense 

transcripts (NATs) (Beltran M. et al., 2008) and hypermethylation (Rodenhiser D.I. 

et al., 2008). There is a double negative feedback loop between ZEB factors (ZEB1 

and SIP1/ZEB2) and miR-200 family members. miR-200 family members inhibit 

ZEB factors at post-transcriptional level, ZEB factors inhibit miR-200 family 

members at the transcriptional level (Bracken C.P. et al., 2008). In a recent study, 

silencing of SIP1 expression through promoter hypermethylation rather than        

miR-200 family was shown in most pancreatic cancer samples (90%). SIP1 

expression was restored by inhibiting the methylation with 5-Aza-dC in pancreatic 

cell lines (Li A. et al., 2010). 

 There is a functional association between methylation status and expression 

level of the SIP1 gene in breast cancer cell lines. SIP1 gene was found to be 

hypermethylated and silenced in poorly metastatic breast cancer cell line (Rodenhiser 

D.I. et al., 2008). SIP1 genetic and epigenetic alterations is not known in HCC. In 

this study, genetic and epigenetic alterations of the SIP1 gene was investigated in 

HCC including somatic mutation, mRNA and protein expression level, 5’CpG island 

methylation status and histone modification. 
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1.3. PTPRD/PTPD/HPTP (Chr 9p23)  

 Allelic loss on chromosome 9p has been reported in many tumor types 

including lung cancer, melanoma, gastric carcinoma, glioma, and head and neck 

cancer (Sato M. et al., 2005, Fountain J.W., et al. 1992; Sakata K. et al., 1995; Li 

Y.J. et al, 1995; Van der Riet P. et al., 1994). Frequent allelic loss on chromosome 9 

in hepatocellular carcinoma has also been reported by Liew C.T. et al. (1999) and 

Kondo Y. et al. (2000). The tumor suppressor gene CDK�2A (MTS1/P16) located at 

chromosome 9p21 was shown to be deleted in various cancers. (Kondo Y. et al., 

2000; Biden K. et al., 1997; Liew C.T. et al., 1999). 

  Kubilay Demir from our group also showed homozygous deletion in 

Mahlavu, Plc, Skhep1, Snu182, Snu387 and Snu423 HCC cell lines which maps to 

9p23. This 1 MB region maps to a part of protein tyrosine phosphatase receptor type 

D gene (PTPRD) (Fig 1.3.1).  

 

Figure 1.3.1 : Homozygous deletion at 9p23 in Mahlavu, PLC, SkHep1, Snu182, 
Snu387 and Snu423 HCC cell lines (adapted from Kubilay Demir thesis study). 
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 PTPRD belongs to a protein-tyrosine phosphatases (PTPs) family which have 

a total of 107 members encoded by the human genome (Alonso, A. et al., 2004). 

PTPs constitute a large, highly specific enzymes having important regulatory roles. 

PTPs have both inhibitory and stimulatory effects on cancer-associated signalling 

processes. Deregulation of PTP function is associated with tumorigenesis in different 

types of human cancer. (Andersen, J. N. et al., 2001 ; Östman, A. & Böhmer, F. D., 

2001; Alonso, A. et al., 2004). 

 PTPs are divided into non-receptor forms and receptor-like forms. The 

receptor-like PTPs have a single transmembrane domain and variable extracellular 

domains. The intracellular parts of most of the receptor-like PTPs contain two 

tandem PTP domains (D1 and D2). In many cases, the extracellular domains include 

immunoglobulinlike domains and fibronectin type III domains, similar to the 

extracellular domains of cellular adhesion molecules (Ostman A., 2006). 

 Candidacy of  PTPRD as a tumor suppressor gene was first suggested by 

Urushibara et al. (1998). In Urushibara’s study, mRNA levels of the four receptor-

like protein tyrosine phosphatases (PTPases) (PTPalpha, PTPdelta, PTPgamma and 

LAR) were evaluated by Northern blot analysis in two types of chemically-induced 

rat primary hepatomas. PTPdelta mRNA was selectively reduced in these hepatoma 

tissues. Many other studies have reported homozygous deletions of PTPRD in a wide 

range of tumor types including lung cancer (Zhao X. et al., 2005; Kohno T. et al., 

2010), neuroblastoma (Nair P. et al., 2008; Stallings R.L. et al., 2006), cutaneous 

squamous cell carcinomas (SCC) (Purdie K.J. et al., 2007), pancreatic cancer             

(Calhoun E.S., 2006), melanoma (Stark M. and Hayward N., 2007) and glioblastoma 

multiform (Solomon  D.A., 2008).  
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 SANGER CONAN (Copy Number Analysis) database also shows number of 

LOH and homozygous deletions in various cancer types (Figure 1.3.2). 5 HCC cell 

lines; PLC, SkHep1, Snu387, Snu449 and Snu475 are shown to have LOH in the 

region containing PTPRD gene. Homozygous deletion of PTPRD in Snu475 cell line 

was also shown in SANGER database (Figure 1.3.3). 

 Somatic mutations of PTPRD were first shown in a panel of 35 colorectal 

cancers by Sjoblom et al. (2006) who identified three missense substitutions. 

Mutations of PTPRD in lung adenocarcinoma (Ding et al., 2008; Weir et al., 2007), 

in glioblastoma multiforme (GBM), melonoma (Solomon et al., 2008), lung and 

squamous head and neck carcinoma (Veeriah S. et al., 2009) were also described.  

 Functional studies have recently showed that PTPRD has a tumor suppressive 

properties in human cancer cells. PTPRD inactivates STAT3 oncogene by 

dephosphorylating the 705th tyrosine residue. Reconstitution of PTPRD expression in 

GBM and melanoma cells, that was alleviated by both the somatic and constitutional 

mutations, result in growth suppression and apoptosis (Solomon et al., 2008). 

Ectopic expression of PTPRD suppresses growth of human cancer cells HT29 

(Human colon adenocarcinoma grade II cell line), SKMG3 (GBM cell line) and 

HCT-116 (colorectal carcinoma cell line). Knockdown of PTPRD with shRNAs 

results in increased growth rate of immortalized human astrocytes (Veeriah S. et al., 

2009). 

 Veeriah et al. also showed that PTPRD is silenced or inactivated not only by 

deletions or somatic mutations, but also epigenetically. PTPRD was methylated in 

GBM (37%), breast (20%)  and colon cancer (50%) but not in corresponding normal 

tissues. This study was also showed that PTPRD expression is restored in GBM cell 

line SKMG3 after treatment with the DNMT inhibitor DAC (Veeriah S. et al., 2009). 

Genetic and epigenetic alterations is not known in hepatocarcinoma. 
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Figure 1.3.2 : Homozygous deletion and LOH were described in the region 
containing PTPRD in many cancer types. Data an the photograph obtained from 
SANGER CONAN: Copy Number Analysis. (http://www.sanger.ac.uk/cgi-
bin/genetics/CGP/conan/search.cgi). 
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Figure 1.3.3: Copy number analysis of chromosome 9 in Snu475 HCC cell line. 
Homozygous deleted region (red arrow) containing PTPRD gene was also shown. 
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi).
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1.4. MDM2  

 Germline polymorphisms of several genes have been studied as potential risk 

factors for HCCs (Sutton A., et al., 2006; Vogel A. et al., 2001; Yu M.W. et al., 

1999). However, the pathogenesis of human HCC is a multistage process with the 

involvement of a series of genes, including oncogenes and tumor suppressor genes; 

germline polymorphisms of these genes may also determine individual susceptibility 

to HCC (Acun T., et al. 2010). 

 The p53 tumor suppressor gene (TP53) is of critical importance for regulating 

cell cycle and maintaining genomic integrity. TP53 also is a common target for 

inactivation during liver carcinogenesis. Although this inactivation may be largely 

due to mutations in the TP53 gene, recent evidence suggests that other mechanisms 

may be involved in TP53 inactivation. For instance, the hepatitis B virus-encoded X 

antigen (HBxAg) binds to and inactivates wild-type TP53 (Ozturk M. et al., 1999; 

Puisieux A. et al., 1997). Interaction of TP53 with a cellular oncoprotein, MDM2, 

also inactivates TP53, via increasing its degradation and/or blocking TP53 

transcriptional activation (Oliner J.D. et al., 1993; Momand J. et al., 1992; Haupt Y. 

et al., 1997; Acun T., et al. 2010) (Figure 1.4.1). 

 In a recent study, a functional single nucleotide polymorphism at nucleotide 

309 (T>G) in the promoter region of MDM2 has been reported. Interestingly, cells 

with the 309 G/G genotype have an enhanced affinity to bind stimulatory protein Sp1 

and also show heightened MDM2 expression and a significant attenuation of the p53 

pathway compared with those carrying the 309 T/T genotype (Bond G.L. et al., 

2004). Furthermore, SNP309 has been shown to be associated with earlier age of 

onset of certain hereditary and sporadic cancers in humans (Bond G.L. et al., 2004; 

Bougeard G. et al., 2006). In this study, we investigated the distribution of the 

SNP309 genotype in 99 human HCCs that were previously characterized for TP53 

alterations from HCC endemic and rare geographical areas (Acun T., et al. 2010).  
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Figure 1.4.1 : p53, Mdm2 and their major activities (from “Alarcon-Vargas D., 
Ronai Z., 2002” with permission). 
 

1.5. RAS/RAF/MAPK Pathway 

 
 RAS/RAF/MAPK pathway is one of the key signaling pathway in the 

transmission of signals from growth factor receptors to regulate cell proliferation and 

survival (Schubbert S. et al., 2007). The MEK/ERK pathway is the best known 

MAPK pathways, having a key role in cell proliferation, and is known to be 

deregulated in approximately one-third of all human cancers. In this pathway ERK 

(extracellular signal-regulated kinase; ERK1 and ERK2) is activated upon 

phosphorylation by MEK (mitogen-activated and extracellular-signal regulated 

kinase kinase; MEK1 and MEK2) which itself activated by Raf (Raf-1, B-Raf and A-

Raf) (Dhillon A.S. et al., 2007) (Figure 1.5.1). 

 Many genes of these pathways are mutated or aberrantly expressed in several 

human cancers. Activating RAS mutations occur in ~30% of human cancers 

(Schubbert S. et al., 2007). RAS mutations were described in many cancer types such 

as pancreas (90%),  thyroid (60%), lung adenocarcinoma (non-small cell) (35%), 

liver (30%) and acute myelogenous leukemia (30%).  
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 On the other hand, BRAF, which is the strongest MEK kinase followed by     

RAF-1, was shown to be mutated mostly in melanoma (66%) and colorectal cancer 

(12%) (Davies H. et al., 2002; Dhillon A.S. et al., 2007; Downward J., 2003). 

Mutations of BRAF were within the kinase domain, with a single substitution 

(V599E) accounting for 80% (Davies H. et al., 2002). Our ex group member Banu 

Sürücü was also showed activating BRAF mis-sense mutation (V599E) in SkHep1 

cell line. She extended the analysis in HCC samples and found this mutation in one 

out of 53 HCC samples. 

 In contrast to RAS and BRAF, MEK1 and MEK2 mutations have not been 

reported in cancer or in any other human disease (Schubbert S. et al., 2007; 

Greenman C. et al., 2007).  In Greenman’s study, the coding exons of 518 protein 

kinase genes were analysed in 10 different cancer types excluding liver and no 

somatic mutation was described for MEK1 (MAP2K1) , MEK2 (MAP2K2), ERK1 

(MAPK3) and ERK2 (MAPK1) genes.  

  Genetic analysis of the other genes in RAS/RAF/MAPK pathway including 

PTP�11 (SHP2) would enlighten the role of RAS/RAF/MAPK pathway in HCC. 

 PTP�11 (protein tyrosine phosphatase, non-receptor type 11, SHP2) is a 

cytoplasmic protein tyrosine phosphatase and promotes the activation of the 

RAS/RAF/MAPK signaling pathway. Germline mutations of the PTP�11 was 

shown in individuals with Noonan syndrome (NS) whereas somatic mutations in the 

same gene contribute myeloid and lymphoid malignancies. Mutations of PTP�11 

were also observed in melanoma, neuroblastoma, colon cancer and lung cancer 

(Matozaki T. et al., 2009; Tartaglia M. et al., 2006; Tartaglia M., Gelb B. D., 2005; 

Bentires-Alj M. et al., 2004). However there is no study showing PTP�11 mutations 

in HCC.  
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Figure 1.5.1 : RAS/RAF/MAPK pathway (from “Schubbert S. et al., 2007” with 
permission) 
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1.6. Chromosome 11q13 (FBXL11, PTPRCAP) 

 Several studies had been shown the amplification of chromosome 11q13 

region in some cancer types including, bladder, esophageal, lung, hepatocellular 

carcinoma, breast and head and neck cancer. Chromosome 11q13 amplification has 

been reported in 13% of lung cancers, 15% of breast carcinomas, 21% of bladder 

tumors, 29% of head and neck cancer, about 45% of oral squamous cell carcinomas 

(OSCC) and squamous cell carcinomas of the head and neck and 50% of esophageal 

cancers (Zhang Y.J. et al., 1993; Schuuring E., 1995; Huang X. et al., 2002; 

Tanigami A. et al., 1992).  

 More than 10 genes are known to reside in the 11q13 amplicon and CYCLI� 

D1, TAOS1, S14 (THRSP), CC�D1 and EMS1 have been reported to be amplified 

and identified as candidate oncogenes (Bekri S, 1997; Dickson C. et al., 1995; Huang 

X. et al., 2002; Schuuring E. et al., 1995; Zhang Y.J. et al, 1993; Moncur C.T. et al., 

1998; Yuan B.Z., 2003) (Figure 1.6.1). 
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Figure 1.6.1 : Graphical view of chromosome 11(q13.1-q13.2) region and the genes 
reside in this region (UCSC Genome Browser: http://genome.ucsc.edu/cgi-
bin/hgTracks ) 



 27 

1.6.1. FBXL11 

 FBXL11 (F-box and leucine-rich repeat protein 11), KDM2A,             

JHDM1A or �DY1 is a lysine histone demethylase and contains a JmjC-domain and 

an F-box motif. FBXL11 is required to maintain the heterochromatic state, 

centromeric integrity and genomic stability, particularly during mitosis (Frescas D. et 

al., 2008; Pfau R. et al., 2008). FBXL11 is expressed primarily in testis, spleen, and 

thymus. FBXL11 and its homolog FBXL10 (JHDM1B, �DY2) is a target of provirus 

integration site in retrovirus-induced lymphomas and had been shown to contribute 

to the induction and/or progression of virus (MoMuLV) induced T cell lymphomas 

in rodents. (Pfau R. et al., 2008). FBXL11 localizes at the nucleolus and binds 

ribosomal DNA repeats to inhibit the expression of ribosomal RNAs. (Tanaka Y. et 

al., 2010; Frescas D. et al., 2008).  Significant downregulation in prostate 

carcinomas compared to normal prostate tissue suggest a role for FBXL11 in cancer 

progression (Frescas D. et al., 2008).  Many JmjC group of histone demethylases 

were regarded as candidate tumor suppressors and many of them were shown to 

involved in senescence, cancer and some diseases such as ; acute myeloid leukemia 

(AML), prostate cancer, squamous cell carcinoma, schizophrenia, congenital heart 

disease (CHD), multiple self-healing squamosus epitheloma (ESS1), arthricia with 

popular lesion (APL), alopecia universalis congenital (AUC), intractable epilepsy 

(IE), X-linked mental retardation (XLMR) (Cloos P.A.C. et al. 2008). On the other 

hand number of high level of copy number amplification were described in several 

tissues including liver (Sanger CONAN Database)  (Figure 1.6.2, Figure 1.6.3).                

But, possible role of FBXL11 in liver cancer remains to be resolved.  
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Figure 1.6.2 : High level amplification, homozygous deletion and LOH were 
described in the region containing FBXL11 in many cancer types. Data and the 
photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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Figure 1.6.3 : Copy number analysis of chromosome 11 in Snu387 and Snu475 HCC 
cell lines. High level amplification were described in the region containing FBXL11 
and PTPRCAP (red arrows). Data and the photograph obtained from SANGER 
CONAN: Copy Number Analysis. (http://www.sanger.ac.uk/cgi-
bin/genetics/CGP/conan/search.cgi). 
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1.6.2. PTPRCAP 

 The protein tyrosine phosphatase receptor type C (PTPRC), also known as 

CD45, activates Src family kinases (SFKs) by dephosphorylating the inhibitory 

tyrosine residue, which are implicated in tumor progression and metastasis (Ju H. et 

al., 2009; Penninger J.M. et al., 2001; Summy J.M. and Gallick G.E., 2003; 

Barraclough J. et al., 2007). PTPRCAP (PTPRC Associated Protein, CD45-AP         

or LPAP-lymphocyte phosphatase associated phosphoprotein) is a transmembrane 

protein that enhance the phosphatase activity of PTPRC (Kitamura K. et al., 1995; 

Motoya S. et al., 1999; Veillette A. et al., 1999; Takeda A. et al., 2004). An SNP in 

the promoter region of PTPRCAP shown to increase its expression and is associated 

with susceptibility to diffuse-type gastric cancer (Ju H. et al., 2009). 

 SANGER database revealed several cancer types having LOH or high level 

amplification in the region containing PTPRCAP (Figure 1.6.4). Snu387 and Snu475 

have shown to be high level amplification in the region containing PTPRCAP 

(Figure 1.6.3). 
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Figure 1.6.4 : High level amplification and LOH were described in the region 
containing PTPRCAP in many cancer types.  
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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1.7. Chromosome 13q12 (TUBA3C,Z�F198,TPTE2) 

 Our group member Kubilay Demir was found three homozygous and one 

hemizygous deletions which are in concordance with microarray expression data and 

confirmed by PCR. Homozygous deletions located at  9p23, 9p22.1-p21.2, and 

13q12.11; hemizygous deletion located at  Xq21.1-21.33. Homozygous deletion that 

mappep to 13q12.11 was found in two HCC cell lines, Huh7 and SkHep1. This 

deletion has a length of 1.5 MB. 13q12.11 deletion region was previously shown in 

HCC and other cancer types including colon cancer, esophageal squamous-cell 

carcinoma and non-small-cell lung cancer (Chen C.F. et al., 2005; Tamura et al., 

1997; Li G. et al., 2001; Li SP. et al., 2001; Sivarajasingham et al., 2003; Zhang X. 

et al., 1994) (Figure 1.7.1). Chen et al. were identified more than 37 transcripts in 

this region, of them 18 are being known genes and 19 are being annotated transcripts. 

LATS2, TG737, CRYL1, and GJB2 were shown to be downreguleted in 14%, 59%, 

64% and 71% of HCC tissues, respectively (Chen C.F. et al., 2005). 
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Figure 1.7.1 : Graphical view of chromosome 13q12.11 region and the genes reside 
in this region (UCSC Genome Browser: http://genome.ucsc.edu/cgi-bin/hgTracks ) 
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1.7.1. TUBA3C (TUBA2)  

 Microtubules have an essential role in the eukaryotic cytoskeleton. They 

provide a backbone for cell organelles and determine cell shape. They are composed 

of a heterodimer of alpha and beta tubulin. Tubulin superfamily genes which are 

composed of six distinct families, encodes these micotubules. The alpha and beta 

tubulins represent the major components of microtubules, on the other hand gamma 

tubulin have a role in the nucleation of microtubule assembly. Two forms of human 

nonsyndromic deafness DFNA3 and DFNB1 are mapped to 13q11 (Chaib H. et al, 

1994; Guilford P. et al., 1994). 

 TUBA3C (tubulin, alpha 3c) was studied in prostate tumor tissues and 

upregulation of TUBA3C in metastatic prostate tumor tissue compare to localized 

prostate tumor tissue was shown (Vila A.M.et al., 2010). Although little is known 

about the connection of TUBA3C and liver cancer, according to Affymetrix 

GeneChips HG-U95A-E and HG-U133A GNF data, TUBA3C expression is high in 

liver cancer compare to normal liver (Su AI et al., 2004).  

1.7.2. Z�F198 (ZMYM2) 

 We previously shown that Z�F198 is deleted in SkHep1 cell line. Copy 

number analysis of chromosome 13 in SkHep1 cell line also shows this deletion 

(Figure 1.7.1). Z�F198 (Zinc finger protein 198) or ZMYM2 (zinc finger, MYM-type 

2) is a widely expressed gene containing five zinc-fingers. Z�F198 is part of a 

protein complex that thought to have a role in DNA repair, and genome stability. 

Although there are not much information about its correlation with cancer, its 

translocation was shown in  myeloproliferative disease. Z�F198 is fused to FGFR1 

(fibroblast growth factor receptor I) by specific t(8;13)(p11;q12) translocation shown 

previously in atypical myeloproliferative disease patients. This fusion results in 

constitutive activation of the FGFRI kinase domain. It was also identified as a novel 

Smad binding protein (Kunapuli P. et al., 2003; Kulkarni S. et al, 1999; Warner D.R. 

et al., 2003). Copy number analysis of chromosome 13 in SkHep1 HCC cell line 

revealed homozygous deleted region, containing Z�F198 (ZMYM2) gene (Figure 



 35 

1.7.2). LOH was also showed in HLE, Snu387 and Snu449 HCC cell lines (Figure 

1.7.3). Being a target of translocation and its location make Z�F198 worth to study 

in HCC. 
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Figure 1.7.2: Copy number analysis of chromosome 13 in SkHep1 HCC cell line.                                                                                             
Homozygous deleted region was shown by red arrow. 
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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Figure 1.7.3 : Copy number analysis of chromosome 13 in HLE, Snu387 and 
Snu449 HCC cell lines. LOH (red arrows) was described in the region containing 
Z�F198 (ZMYM2) and TPTE2 genes.  
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 

 

1.7.3. TPTE2 

 TPTE2 (transmembrane phosphoinositide 3-phosphatase and tensin homolog 

2), also known as TPIP,  is a member of TPTE gene family. TPTE (Transmembrane 

Phosphatase with TEnsin homology) gene family encodes a PTEN-related tyrosine 

phosphatases. There are multiple copies of the TPTE gene on chromosomes 13, 15, 

21, 22 and Y but only the copies on 13 and 21 encode functional TPTE proteins, 

TPIP (TPTE and PTEN homologous Inositol lipid Phosphatase) and TPTE, 

respectively (Tapparel C. et al, 2003; Walker S.M. et al., 2001; Chen H. et al., 1999). 

PTE� is a well known tumor suppressor gene and by blocking the activation of AKT 

in the PI3K/AKT pathway, regulates several cellular processes like cell cycle and 

apoptosis. PTE� gene is frequently mutated or deleted in many cancer types (Li J. et 

al., 1997; Simpson L. et al., 2001). Copy number analysis of chromosome 13 in 

SkHep1 HCC cell line revealed homozygous deleted region, containing TPTE2 gene 

(Figure 1.7.2). LOH was also showed in HLE, Snu387 and Snu449 HCC cell lines 

(Figure 1.7.3). There is no much information about TPTE2 gene in liver cancer. 
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1.8. Chromosome 3p25.1 (IQSEC1) 

 IQSEC1 (IQ motif and SEC7 domain 1) also known as ARF-GEP100 (ADP-

Ribosylation Factor-Guanine nucleotide-Exchange Protein-100-kDa) or BRAG2 is 

located in a minimal deleted region on 3p25.1 according to SNP analysis. It has been 

documented as a specific Guanine Exchange Factor (GEF) for ARF6 that not only 

regulates vesicular trafficking and structural organization at the plasma membrane 

but also induces invasion and metastasis through its effector Amap1 (Figure 1.8.1). 

Sabe et al. reported that  IQSEC1, ARF6 and AMAP1 are highly overexpressed in 

malignant breast tumor. Sabe and colleagues also show that only IQSEC1 is required 

for EGF-stimulated invasion (Sabe H. et al., 2009). Decreasing IQSEC1 expression 

significantly reduces the metastasis of lung tumor cells in mice (Valderrama F. et al., 

2008; Morishige M. et al., 2008). On the other hand, Someya and colleagues shown 

that, IQSEC1 is also involved in the induction of apoptosis in monocytic phagocytes 

by Arf independent manner (Someya A. et al., 2006). It is postulated in Someya’s 

study that IQSEC1 may serve a positive regulator in T�F-α mediated apoptosis. 

Sanger copy number analysis of chromosome 3 in SkHep1 cell line shows 

homozygous deleted region, containing IQSEC1 gene (Figure 1.8.2). Copy number 

analysis of chromosome 3 in PLC, SkHep1 and Snu475 HCC cell lines revealed 

LOH in the region containing IQSEC1 gene (Figure 1.8.3). 
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Figure 1.8.1 : EGF-induced IQSEC1 activation and invasion through ARF6 (from 

“Sabe H. et al, 2009” with permission). 
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Figure 1.8.2: Copy number analysis of chromosome 3 in Snu475 HCC cell line. 
Homozygous deleted region (red arrow), containing IQSEC1 gene, was shown. Data 
and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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Figure 1.8.3 : Copy number analysis of chromosome 3 in PLC, SkHep1 and Snu475 
HCC cell lines. LOH (red arrow) was described in the region containing IQSEC1 
gene. Data and the photograph obtained from SANGER CONAN: Copy Number 
Analysis. (http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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1.9. Chromosome 14q13.3 (MIPOL1) 

 MIPOL1 (mirror-image polydactyly 1) is first described by Kondoh S. and 

colleagues in a patient with mirror-image polydactyly of hands and feet (Kondoh S. 

et al., 2002). It is located at a 14q13 breakpoint of t(2;14). In 2009, Maher C.A. and 

colleagues showed MIPOL1-DGKB gene fusion in the prostate cancer cell line, 

LNCAP (Maher C.A. et al., 2009). Few months later, Cheung A.K.L. and colleagues 

argued that MIPOL1 might be a tumor suppressor gene in nasopharyngeal carcinoma 

(NPC) (Cheung A.K.L. et al., 2009). As all NPC cell lines have reduced levels of 

MIPOL1 and in 63% of NPC tumors via promoter hypermethylation and allelic loss. 

MIPOL1 tumor suppression effect is thought to involve up-regulation of the 

P21(WAF1/CIP1) and P27(KIP1) protein pathways (Cheung A.K.L. et al., 2009). 

Homozygous deletion of the region containing MIPOL1 gene in PLC was shown in 

SANGER database (Figure 1.9.1). Copy number analysis of chromosome 14 in HLE, 

PLC and SkHep1 HCC cell lines revealed LOH in the region containing MIPOL1 

gene (Figure 1.9.2). There is still no information about MIPOL1 gene regulation in 

HCC. 
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Figure 1.9.1: Copy number analysis of chromosome 14 in PLC HCC cell line. 
Homozygous deleted region (red arrow), containing MIPOL1 gene, was shown. Data 
and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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Figure 1.9.2 : Copy number analysis of chromosome 14 in HLE, PLC and SkHep1 
HCC cell lines. LOH (red arrow) was described in the region containing MIPOL1 
gene. Data and the photograph obtained from SANGER CONAN: Copy Number 
Analysis. (http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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1.10. Chromosome 10q24 (CHUK) 

 CHUK (conserved helix-loop-helix ubiquitous kinase) or IKK1(IKKA,            

I kappaB kinase alpha) is a part of an enzyme complex called IKK (IκB kinase) 

involved in the NF-κB activation. IKK enzyme complex is composed of three 

subunits, IKKalpha (IKK1), IKKbeta (IKK2) and IKKgamma (�EMO). IKKA 

together with IKKB are catalytically active, IKKgamma subunit serves a regulatory 

function (Mercurio F. et al., 1997; Zandi E. et al., 1997) (Figure 1.10.1) 

 Although CHUK (IKKA) was first described as a part of IKK complex in the 

the NF-κB pathway, it has also several unexpected functions. For example, in the 

epidermis, it serve as a cofactor for Smad2/3 in a Smad4-independent pathway and 

inhibits keratinocytes proliferation (Descargues P. et al, 2008). In previous studies, 

CHUK was identified as a tumor suppressor in squamous cell carcinoma (SCC). (Liu 

B, et al., 2006). Epigenetic inactivation of CHUK was also shown in oral carcinomas 

(Maeda G. et al., 2007)  Copy number analysis of chromosome 10 in PLC and 

Snu475 HCC cell lines revealed LOH in the region containing CHUK gene (Figure 

1.10.2). 
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Figure 1.10.1: Smad4 independent activation of Mad1 and Ovol1 in non-canonical 
TGFβ pathway (from “Descargues P. et al, 2008” with permission). 
 

 

 

Figure 1.10.2 : Copy number analysis of chromosome 10 in PLC and Snu475 HCC 
cell lines. LOH (red arrow) was described in the region containing CHUK gene.  
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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1.11. Chromosome 1q21 (MCL1) 

 MCL1 (myeloid cell leukemia-1) gene is a member of the BCL2 (B-cell 

lymphoma 2) gene family which includes at least 15 members in mammalian cells. 

BCL2 family members categorized as oncogenes, but they do not promote cell 

proliferation like most other oncogenes, instead they either facilitate cell survival 

(pro-survival Bcl-2 subfamily) or promote cell death (Bax and Bcl-2 homologous 3 

subfamilies) (Adams J.M. and Cory S., 1998; Danial N.N. and Korsmeyer S.J., 2004) 

(Figure 1.11.1). MCL1 was first discovered in 1993 by Kozopas et al., up-regulated 

during in the differentiation of a human myeloid leukemia cell line, ML-1 (Kozopas 

et al., 1993). MCL1 was shown to not only inhibit apoptosis but also inhibit cell 

cycle progression in the S-phase through its interaction with PC�A (proliferating cell 

nuclear antigen). MCL1 has two unique features different from other BCL2 family 

members; first, MCL1 can be induced upon proliferative and differentiating stimuli 

and second, short half-life probably because of its PEST sequence which is generaly 

present in cell cycle proteins (Fujise K. et al., 2000). There are few studies showing 

MCL1 role in liver. One recent study showed that, MCL1 inhibition through 

overactivation of the MEK/ERK pathway result in resistance to TGF-B–induced cell 

death in liver cells (Caja L. et al., 2009). 
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Figure 1.11.1: Upstream proteins regulating MCL1 through NOXA (from “Ploner C. 

et al., 2009” with permission). 
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1.12. Chromosome 7q21 (MAGI-2) 

 MAGI-2 (Membrane Associated Guanylate kinase Inverted-2) is located on 

chromosome 7q21, a region that was shown to be deleted in prostate cancer, 

glioblastoma and uterine leiomyomas (Ishwad C.S. et al., 1995; Cui J. et al., 1998; 

Kim D.H. et al., 1995). MAGI-2 is expressed mainly in neuronal cells (Xu J.G. et al., 

2001), but other family members (MAGI-1 and MAGI-3) are widely expressed in 

both neuronal and non-neural cells including hepatic cells (Dobrosotskaya I. et al., 

1997; Wu Y. et al., 2000, Lauraa R.P. et al. 2002). 

 MAGI-2 is a multidomain scaffolding protein belongs to MAGUKs 

(membrane associated guanylate kinases) superfamily. MAGI-2 is involved in 

assembling and anchoring of several cellular signaling proteins such as β-CATENIN, 

ATROPHIN-1, NMDA glutamate receptors, β1-adrenergic receptor, neuroligins-1, 

NPRAP/δ-catenin, MAGUIN-1, nRAP-GEP, SAPAP and PTEN. MAGI-2 was 

shown to enhance PTEN tumor suppressor protein stability which result in inhibition 

of cell migration and proliferation in human hepatocarcinoma cells (Yali H. et al., 

2007). Homozygous deletion of the region containing MAGI-2 gene in HUH-6 cell 

line was shown in SANGER database (Figure 1.12.1). Copy number analysis of 

chromosome 7 in HLE and HUH-6 HCC cell lines revealed LOH in the region 

containing MAGI-2 (Figure 1.12.2). It was shown in Yali H. et al. study that    

MAGI-2 was expressed only in one human hepatocarcinoma cell lines SMMC-7721 

among eight cell lines tested (SMMC-7721, MHCC-97H, BEL-7404, HepG2, Huh7, 

LM6, 7402, Chang). Protein and mRNA expression profiles of MAGI-2 in other 12 

HCC cell lines and samples obtained from liver cancer patients was studied in this 

study. 
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Figure 1.12.1: Copy number analysis of chromosome 7 in HUH-6 HCC cell line. 
Homozygous deleted region (red arrow), containing MAGI-2 gene, was shown. Data 
and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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Figure 1.12.2 : Copy number analysis of chromosome 7 in HLE and HUH-6 HCC 
cell lines. LOH (red arrow) was described in the region containing MAGI-2 gene.  
Data and the photograph obtained from SANGER CONAN: Copy Number Analysis. 
(http://www.sanger.ac.uk/cgi-bin/genetics/CGP/conan/search.cgi). 
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CHAPTER 2 
 

OBJECTIVES and RATIO�ALE 
 
 Today, molecular mechanisms which lead to hepatocarcinogenesis are not 

completely resolved. Although many genes in cell cycle, apoptosis, developmental 

and oncogenic pathways were shown to have mutations, chromosome copy number 

alterations and translocations are much more common in human HCCs. Epigenetic 

mechanisms were also shown to be involved in hepatocarcinogenesis either as 

promoter hypermethylation or histone modifications. 

 In this study, several genes were selected as candidates for a detailed 

investigation. Genes were selected according to the following criterias: (a) the gene 

must shown to be a tumor suppressor or oncogene, but not studied in HCC; (b) it 

must have a role or being a member of a pathway in important cellular processes 

such as apoptosis, senescence or proliferation ; (c) it must be located in commonly 

deleted or amplified regions in HCC and (d) alterations of it must have been shown 

to trigger HCC in animal models. Analysis of the selected genes in terms of their 

genetic, epigenetic and expression status was revealed new candidate genes which 

may act in the process of hepatocarcinogenesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 53 

 

 
CHAPTER 3 

 

MATERIALS A�D METHODS 
 
 

3.1. MATERIALS 
 

3.1.1. Cell Lines and Patient Samples 

 In this study, 14 HCC cell lines were used (Table 3.1). 99 liver samples (29 

paired normal/tumor) were also analyzed. These archival samples had previously 

been described (Ozturk M., 1991). 

 

 
 
Table 3.1: Characteristics of the 14 Hepatocellular carcinoma (HCC) cell                                
        lines used in this study. WD, well differentiated; PD, poorly   
        differentiated (adapted from Zimonjic D.B. et. al., 1999) 
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 TissueScan Liver Cancer Tissue qPCR Panel I were purchased from Origene 

Technologies (USA) (Catalog No:LVRT501). It contains ten identical plates. Each 

plate consists of pre-normalized cDNAs derived from 48 liver samples covering 8 

tumor-adjacent normal, 27 tumors (grade I, II, IIIA, IV) and 13 lesions. 

 

 In immunohistochemistry (IHC) study, 15 formalin-fixed and paraffin-

embedded liver tissues deriving from 2 normal, 1 HBV carrier, 3 chronic hepatitis B, 

3 chronic hepatitis C, 3 cirrhosis and 3 HCC were obtained from the Department of 

Pathology of Gulhane Military Medical Academy. HCC tissue array consisting of 61 

tumors and 5 normal cases  was purchased from Biochain (Hayward, CA). 

3.1.2. Tissue Culture Solutions 

 
PBS (10X)  

 80 g NaCl, 14.4 g Na2HPO4, 2.4 g KH2PO4, 2 g KCl dissolved in 1 L of 

ddH2O. pH of the 10X buffer should be around 6.8, when diluted to 1X, pH should 

be 7.2–7.4. 

 

DMEM medium  

 500 ml Dulbecco’s Modified Eagle Medium (Biochrom AG, Germany) 

supplemented with 3.7 g/L NaHCO3, 1 g/L D-Glucose and stable  glutamine. Add 50 

ml fetal calf serum (Sigma), 5 ml penicillin/streptomycin solution (Biological 

Industries, Israel) (50mg/ml), 5 ml non-essential aminoacids (Biochrom AG), store at 

4°C, warm to 37°C prior to use. 
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RPMI 1640 medium  

 500 ml RPMI medium (Biological Industries), add 50 ml fetal calf           

serum (10% final concentration), 5 ml penicillin/streptomycin solution (1% final 

concentration), 5 ml non-essential aminoacids, store at 4°C, warm to 37°C prior to 

use.  

 

Trypsin-EDTA  

 0.25% Trypsin-EDTA solution (Sigma-Aldrich, St. Louis, MO) was used. 

3.1.3. Agarose gel solutions 

 

Etidium bromide (EtBr) 

 Wear mask and gloves, prepare 10 mg/ml stock solution in ddH2O (30 ng/ml 

working solution). Store at dark and 4°C. 

 

TAE (50X)  

 242 g Tris base, 37.2 g Tritiplex III (EDTA), 57.1 ml glacial acetic acid bring 

to 1 L with ddH2O, stir over night to dissolve. 

 

Agarose gel (2%) 

 Weigh 2 g of agarose powder and add to 100 ml TAE buffer. Boil and cool 

down, add 1 µg/µL etidium bromide, swirl and pour onto gel casting apparatus. 

 

D�A Markers  

 GeneRuler™ DNA Ladder Mix (Fermentas, #SM0331) and MassRuler™ 

DNA Ladder Mix (Fermentas, #SM0403) were used as markers for agarose gel 

electrophoresis (Figure 3.1.a,b) 
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       a.           b.     

Figure 3.1 : Markers used for agarose gel electrophoresis. a. GeneRuler™ DNA 
Ladder Mix; b. MassRuler™ DNA Ladder Mix 
 

3.1.4. Western Blot Solutions 

 
Protein lysis buffer  

 50 µL Tris (1M, pH 8.0), 125 µL NaCl (2M), 40 µL proteinase inhibitor 

coctail (25X), 10 µL NP40, 775 µL filtered ddH2O. 

 

Bradford Solution 

 Dissolve 100mg coomassie brillant blue G-250 in 50ml 95% ethanol. Add 

100ml 85% phosphoric acid, bring to 1lt with ddH2O. Filter through whatman No:1. 

Store at 4°C in dark. 

 

Transfer Buffer  

 2.25 g Glycine (1X), 5.81 g Tris base, 3.7 ml SDS (10%SDS solution), 200 

ml methanol, bring to 1L with ddH2O. Transfer buffer should be prepared freshly for 

each experiment. 
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Running Buffer  

 15.1 g  Tris base (5X), 95 g glycine, 50 ml SDS (10% SDS solution), bring to 

1 L with ddH2O. Store at 4°C and do not adjust pH. pH should be  around 8.3 for the 

1X solution. When diluted to 1X, water should be added first in order to prevent 

excess bubbling. 

 

Wet transfer buffer  

 6 g Tris base (1X), 28.8 g glycine, 1 ml SDS (10% SDS solution), 200 ml 

methanol, bring to 1 L with ddH2O. 

 

TBS (10X)  

 12.19 g Trisma base, 87 g NaCl, bring to 1 L with ddH2O, adjust to pH 8.0 

with 1N HCl. 

 

Gel staining solution  

 100 mg Coomassie brilliant blue G.250, 50 ml absolute ethanol, 100 ml 

phosphoric acid (85%), bring to final volume of 1 L with ddH2O.  Filter the solution 

through Whatman paper, store at 4°C. 

 

Gel de-stain solution  

 In ddH2O, add 20% methanol and 7% acetic acid. 30% acrylamide Wear 

mask, dissolve 146 g acrylamide and 4 g N’-N’-bismethylene acrylamide in 500 ml 

ddH2O. Filter for 20 min, store at dark and 4°C. 

 

APS 10% (w/v)  

 Dissolve 0.1 g ammonium persulfate in 1 ml ddH2O .  

 

Protein loading buffer (2X) 

 3.55 ml ddH2O, 1.25 ml Tris HCl (0.5 M, pH 6.8), 2.5 ml glycerol, 2 ml SDS 

(10% w/v), 0.2 ml  bromophenol  blue (0.5% w/v). Store at room temperature. Add 

5% ß-mercaptoethanol to buffer prior to use. 
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1.5 M Tris-HCl (pH 8.8)  

 27.23 g Tris base, 80 ml ddH2O. Adjust pH with 6N HCl. Bring total volume 

to 150 ml with ddH2O. Store at 4°C. 

 

0.5 M Tris-HCl (pH 6.8)  

 6 g Tris base, 60 ml ddH2O. Adjust pH with 6N HCl. Bring total volume to 

100 ml with ddH2O. Store at 4°C. 

 

10% (w/v) SDS  

 Wear mask, dissolve 10 g lauryl sulfate in 90 ml ddH2O with stirring, then 

bring to 100 ml final volume. 

 

Blocking solution  

 2.5 g milk powder in 50 ml 1X TBS-T  (contain 150 µL Tween-20) 

 

Stripping solution  

 10 ml SDS (10% w/v), 3.125 ml Tris-HCl (1M, pH 6.8), 357 µL ß-

mercaptoethanol, bring to final volume of 50 ml with ddH2O. 

 

Gel formulations (10 ml)  

 Mix 30% acrylamide, tris buffer, SDS and ddH2O according to the gel 

percentage as described in the Table 3.2 and Table 3.3. Use 1.5 M Tris-HCl (pH 8.8) 

for resolving gel, 0.5 M Tris-HCl, (pH 6.8) for stacking gel. Add 50 µL 10% APS 

and 5 µL TEMED for the resolving gel; add 50 µL 10% APS and 10 µL TEMED for 

the stacking gel, immediately prior to pouring the gel. Swirl gently to initiate 

polymerization.  
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Percent Gel 
(%) 

ddH2O 
(ml) 

30% Acyrlamide 
(ml) 

Tris Buffer 
(ml) 

10% SDS 

5 5,7 1,7 2,5 0,1 

8 4,7 2,7 2,5 0,1 

10 4,1 3,3 2,5 0,1 

12 3,4 4 2,5 0,1 

15 2,4 5 2,5 0,1 

 

Table 3.2: SDS-PAGE Gel Formulations 

 

 

 

Percent Gel 
ddH2O 

(ml) 

30% 
Acyrlamide 

(ml) 

Tris Buffer 
(ml) 

10% 
SDS 

10% 
APS 

Temed 

7,5% 
(separating) 

4,78 2,51 2,5 100 µl 100 µl 8 µl 

6% 
(separating) 

5,30 2 2,5 100 µl 100 µl 8 µl 

4% 
(stacking) 

3,60 0,664 0,63 50 µl 50 µl 5 µl 

 

Table 3.3: SDS-PAGE Gel Formulations that were used in this study 
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Protein Markers 

 PageRuler™ Prestained Protein Ladder (Fermentas, #SM0671) and Spectra™ 

Multicolor Broad Range Protein Ladder (Fermentas, #SM1841) were used as protein 

markers for western blot experiments (Figure 3.2.a,b) 

 

 

a.                     b.  

Figure 3.2 : Markers used for western blotting a. PageRuler™ Prestained Protein 
Ladder; b. Spectra™ Multicolor Broad Range Protein Ladder. 
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3.2. METHODS 

3.2.1. Tissue Culture Methods 

3.2.1.a. Culturing of Adherent Cell Lines 
 

 14 Hepatocellular carcinoma (HCC) cell lines were used as shown in Table 

3.1. HCC cell lines were grown as monolayer in DMEM or RPMI 1640 medium 

supplemented with 10% FBS, 1% penicillin/streptomycin solution and 5 ml non-

essential aminoacids. The cells were incubated at 37°C in an incubator having an 

atmosphere of 5% CO2 in air. Growth mediums were changed every other day. Old 

growth medium was aspirated with a vacuum pump and cells gently rinsed with 1X 

PBS, then fresh medium was added.  

3.2.1.b. Sub-culturing of Adherent Cell Lines 

 Cells reaching a confluency of  approximately 70-80% were sub-cultured to 

prevent the culture dying. Cells were brought into suspension with the help of 

trypsin/EDTA solution. First, cell monolayer washed with 1X PBS with a volume 

half the volume of  growth medium. Trypsin/EDTA solution was then added 

(1ml/75cm2) and cells were incubated at 37°C for 2-3 minutes. Cells were 

resuspended  with a small volume of fresh medium and seeded into new flasks 

usually at a rate of  1:2-1:3. 

3.2.1.c. Cyropreservation of  Adherent Cell Lines 

 Cells were harvested with the help of trypsin/EDTA solution and resuspended 

with fresh growth medium to inactivate the trypsin. They were centrifuged at 1300 

rpm/min for 4-5 min. and resuspended with 1X PBS. Cells again centrifuged and 

resuspended with freezing medium  (90% FBS and 10% DMSO) at a concentration 

of 2-4.106 cells/ml. Cryotubes were kept in -20°C for 1h then in -80°C for overnight 

and put in liquid nitrogen tank for long term storage.  
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3.2.1.d. Resuscitation of Frozen Cell Lines 

 Cells were thawed in 37°C water bath and to get rid of the DMSO, mixed 

with  1-2 ml growth medium and centrifuged at 1300 rpm/min for 4-5 min. Cells 

were  resuspended with 5ml growth medium and seeded into a 25cm2 flask. 

3.2.2. Genomic D�A isolation 

 Genomic DNA was isolated from HCC cell lines bu using “DNeasy Tissue 

Kit” (Qiagen) according to the manufacturer instructions. Cells were harvested with 

the help of trypsin/EDTA solution or scraper and resuspended with fresh growth 

medium to inactivate the trypsin. They were then washed with 1X PBS and pellets 

were stored at -80°C. 

3.2.3. R�A isolation 

 “NucleoSpin RNA II Kit” (MN Macherey-Nagel) were used for RNA 

extraction from HCC cell lines. Cell pellets that were used for RNA isolation were 

obtained as above mentioned genomic DNA isolation procedure. 

3.2.4. Quantification of �ucleic Acids 

 Concentrations and the ratio of absorbance at 260/280 of the isolated DNA 

and RNA samples were measured using NanoDrop ND-1000 spectrophotometer 

(NanoDrop Tech., USA).   

3.2.5. cD�A synthesis 

 “RevertAidTM First Strand cDNA synthesis kit” (MBI Fermentas) was used 

according to the manufacturer instructions. 2 µg RNA was used for cDNA synthesis. 

All reagents suppliled by the kit. 

 

 



 63 

3.2.6. Multiplex Semi-Quantitative RT-PCR 

 Multiplex PCR is a technique in which more than one target is amplified and 

detected in the same PCR reaction. In multiplex semi-quantitative RT-PCR, one 

target gene was choosen as an housekeeping gene to asses the efficiency of cDNA 

synthesis and to normalize the quantity of input RNA and the other was the gene of 

interest. Housekeeping gene’s primers designed so that they produce bigger PCR 

product than gene of interest’s. After the reaction, PCR products were run on agarose 

gel to compare the intensity of housekeeping gene’s products. In the second agarose 

gel, the PCR products load on the gel according to their corresponding housekeeping 

gene’s product intensity determined in the first gel, in order to equalize the 

housekeeping gene’s intensities. 

 Multiplex semi-quantitative RT-PCR was performed by using specific 

primers with an expected product size of 100-200 bp and GAPDH housekeeping 

gene spesific primers (GAPDH-RTF and GAPDH-RTR) with an expected product 

size of 611bp. Final primer concentrations were as ; 20 pmol for “gene of interest”, 

1.50 pmol for GAPDH. PCR cycling conditions were summarized in Table 3.4.    

PCR products were resolved on 1.5-2 % agarose gel.  

 

 

 Multiplex Semi-Quantitative RT-PCR Conditions 

Initial 
Denaturation 

94°C 5 min  

Denaturation 94°C 30 sn 

Annealing 58-62°C 30 sn 

Extension 72°C 40-60 sn 

35 cycle 

Final Extension 72°C 5 min  

 4°C ∞  

 

Table 3.4 : Multiplex Semi-Quantitative RT-PCR Conditions 
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3.2.7. Real-Time Quantitative RT-PCR 

 Quantitative Real-Time RT-PCR was performed with HCC cell lines and 

commercially available “TissueScan Liver Cancer Tissue qPCR Panel I” (catalog # 

LVRT501) (OriGene, USA) according to the manufacturer's instructions using 

Finnzymes DyNAmoTM HS SYBR Green qPCR kit (Finnzymes, Finland) on a  

Stratagene MX3005PTM real-time PCR system (Stratagene, USA). Dissociation (melt 

curve) protocol was also added after thermocycling protocol to check that if primer 

pair produce only a single product. GAPDH, ACTB and TBP genes were used as 

internal controls (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009). Relative 

mRNA expression levels of HCC cell lines and samples in TissueScan liver cancer 

tissue qPCR panel were quantified by 2−∆∆Ct method as previously described (Livak 

K.J. and Schmittgen T.D., 2001). Statistical analysis were perfomed by Student’s t 

test and P value of < 0.05 was considered to be significant. 

3.2.8. Sodium Bisulfite Treatment and COBRA Analysis 

 Genomic DNA  was  treated  by  MethylampTM  DNA Modification Kit  

(Epigentek, USA) according to the instructions. Treated DNAs stored at –20°C. 

Bisulfite treated DNAs were amplified with nested primers (see appendix for primer 

list). The PCR products were incubated with BstUI at 60°C for overnight (COBRA, 

Combined Bisulfite Restriction assay). Digested DNAs were than size fractionated 

via 3% agarose gel to detect methylation status. 

3.2.9. 5-azacytidine (5-AzaC) and Trichostatin A (TSA)  

 Treatment  

 HCC cell lines (PLC, SkHep1, HepG2 and Hep3B) were seeded 6-well plates 

at a density of  3x105 cells and treated 24h later with 2.5 µM of 5-AzaC (Sigma-

Aldrich, A-2385) daily for 96 hours and with 1µM of trichostatin A (TSA) (Sigma- 

Aldrich, T8552) for last 24 hours. 5-AzaC is dissolved in DMEM to a concentration 

of 10 mM and stored at –20 °C in aliquots and used freshly. TSA is prepared as       

10 mM stock solution dissolved in dimethyl sulfoxide (DMSO) stored at  –20 °C in 
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small aliquots and a working solution of 1 mM was prepared just before use. 

Medium and 5-AzaC were replenished every 24h. Control cultures was left untreated 

or received a mock treatment with adequate volumes of DMSO in the case of TSA 

treatment. Treated cells were harvested by 0.25% Trypsin-EDTA incubation or by 

scraper and washed twice with phosphate-buffered saline (PBS) before used in DNA 

and RNA isolation. 

3.2.10. Mutation Screening 

 The coding region of the gene of interest was amplified in 14 HCC cell lines. 

Primer sequences and their Tm values can be seen in appendix. PCR products were 

purified with PCR96 Cleanup Kit (Millipore, USA) and directly sequenced                   

at Iontek (www.iontek.com.tr). Mutation screening was performed by Mutation 

Surveyor Demo V3.25 program (http://www.softgenetics.com). The software 

automatically forms contigs, performs alignments and mutation detection comparing 

both forward and reverse sample traces to reference or normal traces. Homozygous 

and heterozygous mutations are indicated by sharp peaks in electropherogram. 

Insertions and deletions are found by monitoring the mobility of the sample DNA 

fragments, in comparison to the reference. 

3.2.11. Western Blot 

 To obtain total protein lysates from cells, cells scraped from culture flasks 

and cell pellets washed with 1X PBS. Cell pellets suspended in 200 µl “protein lysis 

buffer” followed by the 30 min. incubation on ice and then centrifuge at 13000 rpm 

for 20 min at 4°C. Supernatants were taken into a new tube and stored in -20°C.  

 Bradford assay was used to measure the concentration of the proteins in 

solution. First, a series of protein standarts were prepared. 2.5, 5, 7.5, 10, 12.5, 15, 

17.5, 20 µl of bovine serum albumin (BSA) (1mg/ml) was mixed with adequate 

ddH2O to bring them 100 µl. 900 µl bradford solution was then added each of them. 

900 µl bradford solution mixed with 100 µl ddH2O and used as a blank (Table 3.5). 

After 5 min. incubation at room temperature solutions were measured at 595nm by 

using spectrophotometer (Beckman, DU640). Second, 2 µl of protein solution from 



 66 

each sample was mixed with 98 µl  ddH2O  and 900 µl bradford solution. 2 µl of 

lysis buffer solution was mixed with 98 µl  ddH2O  and 900 µl bradford solution and 

used as a blank. After 5 min. incubation at room temperature, solutions were 

measured at 595 nm by using spectrophotometer (Beckman, DU640). Bradford 

values of the samples and BSA standarts were plotted and unknown sample protein 

concentrations were calculated from the standart curve. 

 Equal amounts (µg) of protein mixed with protein loading buffer (cracking 

buffer) and denatured at 95°C for 5 min. follwed by incubation on ice. Samples and 

pre-stained protein ladder were then loaded on SDS-polyacrylamide gel. Samples 

were run at 70 volt during stacking gel and 85 volt during seperating gel. EC120 

Mini Vertical Gel System was used for vertical PAGE (Thermo EC). Proteins were 

then transferred to PVDF membranes (Thermo Scientific, #88518) by wet transfer 

method. Bio-Rad's Mini-PROTEAN® Tetra cell apparatus was used for wet transfer. 

PVDF membrane soaked in methanol for 20 sec. then rinsed in ddH2O for 2 min. and 

then kept in wet transfer buffer until used. Whatman papers and gel were also kept in 

wet transfer buffer at least 5 min. Whatman papers, gel, PVDF membrane were 

placed on transfer apparatus. Wet transfer was performed overnight at a constant 

voltage of 16 volt, in cold room (4°C). After the transfer, gel was stained with 

coomassie brilliant blue to ensure efficent transfer of proteins to PVDF membrane.  

 Membrane was soaked in blocking solution for 2 h. at room temperature to 

block non-specific binding. Primary antiboy was diluted in blocking solution     

(Table 3.6). Membrane was immersed in primary antibody solution for 2 h. at room 

temperature. Membrane was then washed three times with 1X TBS-T (10 min for 

each wash). Secondary antibodies were also diluted in blocking solution. Membrane 

was soaked in secondary antibody for 1h. at room temperature, then washed there 

times with 1X TBS-T (10 min each wash). Membrane was then incubated in HRP 

substrate for 5 min (SuperSignal West Femto Maximum Sensitivity Substrate, 

Thermo Scientific, #34095) for 5 min. and chemiluminescence emitted was captured 

on X-ray film for various exposure times (10 sec.-5 min.).  
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Tubes 
 

1 2 3 4 5 6 7 8 9 

Bradford 
solution 

(µl) 
900 900 900 900 900 900 900 900 900 

ddH2O 
(µl) 

100 97,5 95 92,5 90 87,5 85 82.5 80 

BSA 
(µl) 

0 2,5 5 7,5 10 12,5 15 17,5 20 

 
Table 3.5: Preparation of series of protein (BSA) standarts. 1st tube used as blank. 
 
 
 

Antibody Source Company Catalog �o Dilution 
Size 

(kDa) 

SIP1(ZEB2) 
Mouse 

monoclonal 

1C6, monoclonal 
antibody is 

produced by  
Dr. T. Yagci 

(Oztas E. et al. 
2010) 

- - ~190 

PTPRD (C-18) 
Goat 

polyclonal 
Santa Cruz 

Biotech., Inc. 
sc-10867 1/200 175 

FBXL11 
Rabbit 

polyclonal 
Abcam ab31739 1/300 132 

MIPOL1 
Rabbit 

polyclonal 
Sigma HPA002893 1/300 50 

MCL1 
Rabbit 

polyclonal 
Abcam ab32087 1/1000 37 

Calnexin (C-20) 
Goat 

polyclonal 
Santa Cruz 

Biotech., Inc. 
sc-6465 1/2500 95 

Anti-Mouse 
IgG-HRP linked 

Donkey 
Santa Cruz 

Biotech., Inc. 
sc-2318 1/2000 - 

Anti-Goat  
IgG-HRP linked 

Donkey 
Santa Cruz 

Biotech., Inc. 
sc-2033 1/2500 - 

Anti-Rabbit 
IgG-HRP linked 

Goat Cell Signalling #7074 1/2500 - 

 
Table 3.6 : Primary and secondary antibodies used in western blot. 
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3.2.12. Immunohistochemistry (IHC) 

 
 Immuno histochemistry was performed on human liver tissues to          

determine expression of Sip1 and Ptprd. Following a pathologist's review, immuno 

histochemistry was performed. In brief, tissue sections were deparaffinized at 70ºC 

and then in xylene. After rehydration in graded alcohol series, glass slides were 

immerged in 10 mM citrate buffer, pH 6.0 and transferred into microwave for 20 

minutes for antigen retrieval. Endogenous peroxidase was blocked by incubation of 

slides in 0.3 % H2O2 for 30 minutes. Phosphate buffered saline (PBS) was used in 

all washing steps. Tissue sections were incubated with Sip1 hybridoma supernatant 

(1C6, monoclonal antibody is produced by Dr. T. Yagci at Molecular Biology and 

Genetics, Bilkent University, Ankara, Turkey) (Oztas E. et al., 2010) , for 2 hours 

and after washing, universal staining kit (LabVision) was used according to 

manufacturer recommendations. Diamino benzidine (DAB) was used as chromogen, 

and the slides were counterstained using Mayer’s hematoxylin. Normal serum or 

phosphate buffered saline were used as negative controls, instead of the primary 

antibodies. Both positive and negative control slides were processed in parallel. Dark 

brown staining in section was taken as positive reaction. Immunoreactivity was 

registered semiquantitatively, and the intensity of immunostaining in each section 

was assessed independently by two observers (Dr. Emin Öztaş and Dr. Tamer 

Yağcı). The staining intensity was graded relatively from no staining to positive 

staining (Chen CL. et al., 2006). 
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CHAPTER 4 

 

RESULTS 
 
 

4.1. Chromosome 2q22; SIP1(ZEB2) 
 

4.1.1. SIP1 Expression in HCC Cell Lines 

 To explore the candidature of SIP1 as a suppressor in hepatocarcinogenesis, 

its mRNA expression was checked in 14 HCC cell line by multiplex semi-

quantitative RT-PCR. SIP1 mRNA was not expressed in two cell lines, Hep3B and 

HepG2, very low in PLC/PRF/5 and weak in Hep40 and Huh7 cell lines. Other nine 

cell lines; Snu449, Snu475, Mahlavu, Snu423, Snu398, SkHep1, Focus, Snu387 and 

Snu182 displayed much stronger SIP1 mRNA expression (Figure 4.1.1). We also 

confirmed this expression pattern with the Real-Time RT-PCR experiment (Figure 

4.1.2). 

 

 

Figure 4.1.1 : Multiplex semi-quantitative RT-PCR result for SIP1 in 14 HCC cell 
lines. SIP1 RTF / SIP1 RTR primer pair with an expected product size of 132 bp and 
GAPDH RTF / GAPDH RTR primer pair with an expected product size of 611 bp 
were used. M, marker (bp); (-) Negative control. GAPDH was used as an internal 
control. 
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Figure 4.1.2: SIP1 expression in 14 HCC cell lines was also checked by Real-Time 
RT-PCR. GAPDH was used as an internal control. Experiment conducted two times 
and standart deviations is shown. Dissociation curves of both genes are also 
presented.  
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 SIP1 expression at the protein level was also checked by western blotting.    

35 µg protein was loaded into each well. Among 11 HCC cell lines tested, only 

Snu398 cell line and normal liver was shown to have SIP1 protein. Snu387, Snu475 

and Mahlavu cell lines show hardly detectable protein bands. Calnexin was used as 

an equal loading control (Figure 4.1.3.a,b).  
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a. 
 

 
 
b. 
 
Figure 4.1.3 : Western blot analysis of  SIP1 in HCC cell lines. SIP1 was expected 
to give band at ~190 kDa (Oztas E. et al.,2010). Calnexin (90 kDa) was used as a 
loading control.  

a. 35 µg protein was loaded to each well.  
b. 15 µg protein was loaded to each well.  
SpectraTM Multicolor Broad Range Protein Ladder (Fermentas,USA) was used as 
a marker. 
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4.1.2. SIP1 Expression in Human HCCs 

 We further expended our analysis to clinical samples in order to confirm that 

our finding is not an in vitro phenomenon restricted to the cell lines and might be 

relevant to human HCCs samples. We analyzed the expression of SIP1 mRNA in a 

panel of human HCCs (TissueScan Liver Cancer Tissue qPCR panel I, Origene) by 

quantitative real time RT-PCR analysis (Figure 4.1.4). The samples were also 

analysed for TBP expression to normalize the SIP1 expression (FU LY. et al., 2009; 

Gur-Dedeoglu B. et al., 2009). We observed significantly reduced Sip1 expression in 

17 of 23 (73.91%) primary HCCs (GI, GII, GIIIA, GIV) as compared with eight 

normal liver tissues from the same panel as calculated by the student's t-test (P 

value=0,01) (Figure 4.1.5). Other six primary HCC samples displayed either normal, 

3 of 23 (13.04%) or high, 3 of 23 (13.04%) mRNA levels of SIP1. The two repeated 

experiments showed consistent results. These results are consistent with our cell line 

data showing that SIP1 mRNA is reduced in a subset of HCCs and downregulation 

of the SIP1 occurs also invivo. Our data are also consistent with previous microarray 

data which shows downregulation of ZEB2 in early and advanced HCC (Wurmbach 

E, 2007). 
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Figure 4.1.4 : SIP1 mRNA expression in HCC samples. SIP1 RTF / SIP1 RTR 
primer pair was used. cDNAs from human liver tissues of normal and various stages 
of liver cancers were subjected to real-time reverse transcription–PCR for detection 
of SIP1 mRNA expression. The data represent mRNA levels of SIP1 normalized to 
TBP. The experiment was conducted two times and the standard deviation was 
shown. Dissociation curves of both genes are also presented.  
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Figure 4.1.5 : SIP1 mRNA expression in HCC tumors relative to normals.  

4.1.3. Expression of the SIP1 in human liver tissues 

 In order to assess whether reduced level of SIP1 mRNA in HCCs is 

associated with SIP1 protein expression, we performed immunohistochemistry in 

human liver tissues including non HCC (normal liver, chronic hepatitis, cirrhosis) 

and HCC samples. We observed differential expression of SIP1 between non HCC 

and HCC cases. In all 17 cases of non HCC hepatocytes showed strong SIP1 

expression which localized to the cytoplasm. SIP1 protein expression was missed (53 

of 64 cases 82.8%) or low (11 of 64 cases, 17.2%) in HCCs (Figure 4.1.6). The 

results of immunostaining of the tissues are summarized in Table 4.1.1. Our data are 

in agreement with previous reports by Cacheux (Cacheux V. et al., 2001), Ozturk 

(Ozturk N. et al., 2006) and Oztas (Oztas E. et al., 2010). These reports showed that 

SIP1 was expressed in most of the adult human tissues as well as liver (Cacheux V. 

et al., 2001), it has decreased expression in small number of HCCs (Ozturk N. et al., 

2006), its localized predominantly in cytoplasm and it has a stronger staining pattern 

in normal tissues (liver, stomach, colon,  rectum and esophagus) compare to their 

tumors (Oztas E. et al., 2010). Our IHC data shows that downregulation of SIP1 

protein expression in HCCs was more frequent than downregulation of SIP1 

transcript. This discordance might be explained by the posttranscriptional regulation 

mechanisms of Sip1 by non-coding RNAs such as miR-200 family (Park SM. et al., 
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2008) and/or by natural antisense transcripts (Beltran M. et al., 2008). It would be 

interesting to analyse the expression level of these regulators in HCCs.  

        
 
Figure 4.1.6: Representative photographs of immunohistochemistry of SIP1 in 
human liver tissues. A; Normal tissue shows strong, uniform cytoplasmic staining 
(brown) throughout the tissue. B; HCC specimen shows faint SIP1 
immunoreactivity. C; Tissue array case shows differential expression pattern of SIP1 
in HCC and non tumoral-normal hepatocytes. D; A metastatic adenoma case in 
normal liver tissue. Metastatic tumor cells shows negative staining of SIP1, but 
extensive SIP1 expression is seen in normal area. N, Normal liver hepatocytes; T, 
HCC tumor cells; MT, Metastatic adenocarcinoma cells (Scale Bars: 50µm). 
 

 
Table 4.1.1 : Immunostaining of SIP1 antibody in human liver tissues. 
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4.1.4. Absence of SIP1 Mutations in HCCs 

 To investigate whether SIP1 is inactivated by allelic deletions and/or somatic 

mutations we performed direct sequence analysis using genomic DNA from 14 HCC 

cell lines. PCR of genomic DNA was carried out using 13 sets of intronic primers 

that amplify the entire coding region (exons 2-10) of SIP1 and included splice 

acceptor and donor sites. We failed to detect any types of somatic mutations     

leading to amino acid substitutions or frameshift except for previously described 

polymorphisms indicating that mutational alterations of SIP1 is not a main genetic 

event in hepatocarcinogenesis (Figure 4.1.7). 

 

 

Figure 4.1.7: SIP1 silent mutations was found in HCC cell lines and their locations 
are indicated (GeneID:9839, Ensembl:ENSG00000169554). 

4.1.5. In Silico Analysis of CpG-rich SIP1 promoter 

 CpG island analysis of SIP1 gene was performed in silico starting from 3rd 

exon to the 20kb upstream of the 1st exon (a total of ~100kb region) by using 

MethPrimer software (http://www.urogene.org/methprimer/index1). It was found that 

the DNA sequences 5’ upstream of the first exon (UTR), first exon and 5’ upstream 

and 3’ downstream of the second exon contain 7 CpG islands. These regions        

fulfilled the CpG island prediction criterias; CpG island size >100 bp, GC      

contents of >50% and an observed/expected CpG ratio of >0,6 according to                  

MethPrimer software (Figure 4.1.8). Analysis of these regions by a specific promoter 

prediction program showed that some of them are also strong promoter candidates 

(Promoter2.0; http://www.cbs.dtu.dk/services/Promoter). The first candidate region 

(P2) reside in 1st exon (UTR) between -3006 to -3288 bp and contain TATA box, GC 
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box and initiator element (GAGACT). The second candidate region (P3) reside 

upstream of the 2nd exon between +1 to -576 bp and contain TATA and GC box. 

Previously, SIP1 promoter has been studied in mouse and the promoter activities of 

these two candidate regions and one additional candidate region (P1) in -7074 to 

7782 bp have also been demonstrated (Nelles, 2003). The sequences of P2 and P3 are 

extremely conserved between human, mouse, rhesus, chimp, fugu, zebrafish and frog 

according to GenomeVista (http://pipeline.lbl.gov/cgi-bin/GenomeVista) analysis 

(Figure 4.1.9). In concordance with our results Sip1 gene is also the most upstream-

conserved orthologue between humans and mice (Iwama H, 2004). 

 

 

  

 

 
 
Figure 4.1.8: In Silico analysis of CpG-rich SIP1 promoter. Genomic structure, CpG 
island prediction (MethPrimer) and promoter predictions (Promoter2.0 and Nelles et 

al., 2003 study) were represented. 
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Figure 4.1.9: Conservation of 5’ region of SIP1 gene according to GenomeVista 
analysis. (1:Human, 2:Chimp, 3:Rhesus, 4:Mouse, 5:Horse, 6:Fugu, 7: Xenopus, 8: 
Zebrafish) Light blue boxes shows UTR, blue boxes shows exons (1st exon UTR and 
2nd exon, respectively). 

4.1.6. Restoration of SIP1 mR�A expression by 5'-AzaC 

and TSA treatment 

 Epigenetic mechanisms that involve DNA methylation and alterations of 

chromatin structure represent an important way of transcriptionally silencing many 

genes, especially tumor suppressor genes, and act as alternatives to genetic defects in 

human cancers (Esteller M., 2007). To investigate if the repressed expression of Sip1 

in HCC cell lines was due to DNA methylation and/or histon deacetylation we 

treated three Sip1 negative or downregulated cell lines with DNA methyltransferase 

inhibitor (5-AzaC) alone and with histone deacetylase inhibitor trichostatin A (TSA). 

 To study the possible regulation mechanism of Sip1 expression in HCC cell 

lines we first treated HepG2 (SIP1 mRNA negative) cell line with DNA 

methyltransferase inhibitor (5-AzaC) alone and/or with histone deacetylase inhibitor 

trichostatin A (TSA) (Figure 4.1.10.a). 5-AzaC and TSA alone could restore the 

expression of SIP1. 5-AzaC and TSA synergistically restored SIP1 expression much 

more than that restored by 5-AzaC and TSA alone. We repeat the experiment with 

two another HCC cell lines Hep3B (SIP1 mRNA negative) and PLC (very low 

5’ 3’ 
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mRNA expression). 5-AzaC and TSA were succesfuly restored or increased the 

expression respectively (Figure 4.1.10.b). These results suggest that methylation 

together with histone deactylation play a role in SIP1 gene silencing rather than 

genetic alterations.             

                

            

 

Figure 4.1.10: Restoration of SIP1 mRNA expression in HCC cell lines. 
SIP1 mRNA expression in HCC cell lines was restored by 5-AzaC and/or TSA 
treatment. SIP1 RTF/SIP1 RTR primer pair with an expected product size of 132 bp 
and GAPDH RTF/GAPDH RTR primer pair with an expected product size of 611 bp 
were used. M, marker (bp); (-), negative control a) HepG2 cell line was treated with 
2.5 µM 5-AzaC and/or 300 nm and 1 µM TSA. Mahlavu cell line was used as a 
positive control for multiplex semi-quantitative RT-PCR. b) PLC and Hep3B cell 
lines were treated with 2.5 µM 5-AzaC and 1 µM TSA. SKhep1 cell line was used as 
a positive control.  
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4.1.7. Frequent metylation of SIP1 promoter in primary 

 HCC samples 

 

 To determine the overall frequency of Sip1 methylation in clinical HCC 

samples we performed combined bisulfite restriction analysis (COBRA),                    

a semiquantitative methylation assay. We examined 29 tumor and paired normal 

liver tissue samples and nearly half of the tumors (48% for P1, 42% for P3) 

demonstrate an increase in methylation when compared to their corresponding 

normal tissue (Figure 4.1.11 and Figure 4.1.13). According to our results P2 region is 

not a site of methylation, as 4%-18% of the tumors were methylated according to 

BstUI and TaqI restriction analysis, respectively (Figure 4.1.12). 

 In total, COBRA analysis demonstrated that about half the primary 

carcinomas were methylated. Because, the promoter methylation was frequently 

detected in tumor samples but not in adjacent non-tumor tissue samples, our results 

suggest a tumor-specific hypermethylation of the SIP1 promoter. 

 

 

 

 

 

 

 



 82 

 

 

  

Figure 4.1.11 : BstUI restriction analysis of P1 region amplified by SIPM1dF 
/ SIPM1iyR1 and SIPM1iF / SIPM1iyR1 semi-nested primer pairs. 14 out of 29 
normal-tumor paired samples (48%) were methylated. M, marker (bp). 
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Figure 4.1.12 : BstUI restriction analysis of P2 region amplified by SIPM2iyF1 / 
SIPM2iR and SIPM2iyF1 / SIPM2iyR2 semi-nested primer pairs. 1 out of 26 
normal-tumor paired samples (4%) were methylated. M, marker (bp). 
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Figure 4.1.13 : BstUI restriction analysis of P3 region amplified by  SIPM3dF / 
SIPM3dR and SIPM3iF / SIPM3iR nested primer pairs. 10 out of 24 normal-tumor 
paired samples (42%) were methylated. M, marker (bp). 
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4.2. Chromosome 9p23; PTPRD 
 

4.2.1. PTPRD Expression in HCC Cell Lines 

 PTPRD mRNA expression was checked in 14 HCC cell line by quantitative 

real-time RT-PCR. PTPRD mRNA expression was found to be high in Snu449, 

Hep40, SkHep1; low in MV, PLC, Snu398, Hep3B, Snu182, Snu475. Almost no 

expression was observed in Focus, HepG2, Huh7, Snu387 and Snu423 cell lines 

(36%, 5/14) (Figure 4.2.1). 
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Figure 4.2.1 : Quantitative Real-Time Analysis of PTPRD in HCC Cell lines. 
PTPRDcd4F / PTPRDcd3R primer pair was used. GAPDH was used as an internal 
control. Experiment conducted two times and standart deviations are indicated. 
Dissociation curves of both genes are also presented. 
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 PTPRD expression was also checked by multiplex semi-quantitative RT-

PCR. First, we used primers (PTPRDcd3F/cd3R) designed to amplify 5’ region of 

the PTPRD cDNA covering exon 10 and 11. GAPDH was used as an internal 

control. Results are almost consistent with the real-time RT-PCR result. Hep40 and 

SkHep1 cell lines and normal liver sample have high levels of PTPRD mRNA 

(Figure 4.2.2.a).  

 PTPRD gene encoded a mRNA bigger than 6000 bp. We also wanted             

to amplify 3’ region of the PTPRD cDNA, covering exons 30 to 36 

(PTPRDcd9F/cd9R) as there might be internal deletion/s or splice variants effecting 

the mRNA expression. GAPDH was used as an internal control. Results were still 

almost consistant with our real-time RT-PCR result. But there were some exceptions 

such as Snu182, Snu387 and Huh7 cell lines, which have higher PTPRD mRNA 

level compared to 5’ PCR product. Also, HepG2 cell line had undetectable 3’ 

PTPRD mRNA PCR product, which had low level of 5’ PCR product (Figure 

4.2.2.b).  
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a ) 

 

 

b)  

 

 

Figure 4.2.2 : Multiplex semi-quantitative RT-PCR of PTPRD in HCC Cell Lines. 
GAPDH was used as an internal control. M, marker (bp). 
 
a) Multiplex semi-quantitative RT-PCR of the 5’ region of the PTPRD cDNA. 
PTPRDcd3F / PTPRDcd3R primer pair with an expected product size of 517 bp and 
GAPDH RTF / GAPDH RTR pair with an expected product size of 611 bp were 
used. 
 
b) Multiplex semi-quantitative RT-PCR of the 3’region of PTPRD cDNA. 
PTPRDcd9F / PTPRDcd9R primer pair with an expected product size of 1004 bp and 
GAPDH RTF / GAPDH RTR pair with an expected product size of 611 bp were 
used. 
 

  

 

 

 

 

 



 89 

 PTPRD expression at the protein level was also checked by western blotting. 

35 µg protein were loaded into each well. 14 HCC cell lines were checked and all of 

the cell lines except Snu182, were shown to have PTPRD protein at different levels 

according to equal loading control calnexin. PLC have PTPRD protein band at a 

lower kDa suggested that PLC cell line might be expressing different PTPRD 

isoform (Figure 4.2.3). 

 

 

 

 

 
 
Figure 4.2.3 : Western blot analysis of  PTPRD in 14 HCC Cell lines. PTPRD was 
expected to give band at 175 kDa. Calnexin (90 kDa) was used as a loading control. 
35 µg protein were loaded each well. SpectraTM Multicolor Broad Range Protein 
Ladder (Fermentas, USA) was used as a marker. 
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4.2.2. PTPRD Expression in Human HCCs 
 
 We also checked the expression analysis in clinical samples in order to verify 

that first findings in HCC cell lines is not restricted to the cell lines. We analyzed the 

expression of PTPRD mRNA in a panel of human HCCs (TissueScan Liver Cancer 

Tissue qPCR panel I, Origene) by quantitative real time RT-PCR analysis (Figure 

4.2.4, 4.2.5). To normalize the PTPRD expression, samples were also analysed for 

TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  
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Figure 4.2.4.: PTPRD mRNA expression in HCC samples. PTPRDcd4F / 
PTPRDcd3R primer pair was used. cDNAs from human liver tissues of normal and 
various stages of liver cancers were subjected to real-time reverse transcription–PCR 
for detection of PTPRD mRNA expression. The data represent mRNA levels of 
PTPRD normalized to TBP. Dissociation curves of both genes are also presented.  
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Figure 4.2.5. : PTPRD mRNA expression in HCC tumors relative to normals. 
 

 We observed significantly reduced PTPRD expression in 19 of 23 (82.6%) 

primary HCCs (GI, GII, GIIA, GIV) compared with eight normal liver tissues from 

the same panel as calculated by the student's t-test (P value=0,013). These results are 

consistent with our cell line data showing that PTPRD mRNA is reduced in a subset 

of HCCs and downregulation of the PTPRD occurs also in vivo.  
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4.2.3. Expression of the PTPRD in human liver tissues 

 To check if low level of PTPRD mRNA in HCCs is associated with PTPRD 

protein expression, we performed immunohistochemistry in human liver tissues 

containing non HCC and HCC samples. We observed strong PTPRD expression in     

non HCC hepatocytes and, low PTPRD protein expression in HCCs (Figure 4.2.6).    

Our IHC data shows that PTPRD expression is also downregulated in HCC at the 

protein level. 

 

             
 
Figure 4.2.6: Representative photograph of immunohistochemistry of PTPRD in 
human liver tissue. Normal part of the tissue (N) shows strong, uniform cytoplasmic 
staining (brown) throughout the tissue. Tumor part of the tissue shows faint Sip1 
immuno reactivity. N, Normal liver hepatocytes; T, HCC tumor cells (Scale Bars: 
20µm). 
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4.2.4. PTPRD Mutations in HCCs 

  Somatic mutations of PTPRD were previously shown in colorectal cancers 

(Sjoblom et al., 2006), in lung adenocarcinoma (Ding et al., 2008; Weir et al., 2007), 

in glioblastoma multiforme (GBM), melanoma (Solomon et al., 2008) ), lung and 

squamous head and neck carcinoma (Veeriah S. et al., 2009) were also described.             

But there is no information about mutations in HCC. PTPRD mutations were shown 

to accumulate in 11th exon which encodes for a fibronectin III domain. Therefore, 

11th exon of PTPRD in 14 HCC cell lines was analysed first, by direct sequence 

analysis using genomic DNA and two sets of overlapping primers covering the 11th 

exon. We could only detect an SNP (rs10977171) (Q447E) in one HCC cell line; 

Snu182 and one liver sample; C12 (Figure 4.2.7 a and b, respectively).  
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a. 

       

 

 b.    

 
Figure 4.2.7 : Q447E SNP (rs10977171) mutation in PTPRD. Figures presented 
were captured from DNA Variant Analysis Software, Mutation Surveyor® Version 
3.25 (www.softgenetics.com) showing an Q447E SNP (rs10977171) which result 
from “cag” to “gag” change. The uppermost and bottom sequence in each figures are 
PTPRD reference sequences downloaded from GenBank database. Between are the 
sequences of  Snu182 cell line and C12 samples from both directions, forward and 
reverse. 
a. Snu182 HCC cell line,  
b. C12 HCC sample. 
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 As PTPRD is a big gene having 35 coding exons, so it would be more 

feasible to analyse mutations using the cDNA rather than genomic DNA. Remaining 

coding exons were checked in four HCC cell lines; Hep40, Focus, MV and SkHep1, 

which were shown to express PTPRD mRNA. 35 coding exons were covered by 9 

cDNA specific overlapping primers (Fig 4.2.8). We could not detect any mutation in 

these four cell lines (Ensembl transcript ENST00000356435 was used). 

 

 
 
Figure 4.2.8: Primers were designed to cover all 36 exons in cDNA. 
 

4.2.5. Homozygous Deletion of PTPRD Gene 

 As it is mentioned in details the introduction, PTPRD gene is localized in 

commonly deleted chromosomal region 9p23 in many cancer types including liver 

cancer, shown by our group study (Kubilay Demir, M.Sc.) and by several previous 

studies. Deleted region in Snu475 cell line (Figure 1.3.3) were analysed in-silico in 

SANGER CONAN database and deletion was mapped to between 8.455.500-

8.490.500 bp. Deletion covers eight exons of PTPRD (Figure 4.2.9). To fine 

mapping the deletion of PTPRD gene in 14 HCC cell lines, 36 exons were amplified 

one by one by genomic PCR with the primers that were located in introns close to 

exon-intron splice sites. Ensembl transcript ENST00000356435 was used for 

genomic screening. It was clearly shown in Figure 4.2.10 that all exons except for the 

ones between 15th-22th were amplified in Snu475 cell line. This deletion result in a 

1586 bp lost in PTPRD cDNA and 37683 bp lost in genomic DNA. All 36 exons 

were succesfully amplified in remaining 13 HCC cell lines and in normal liver 

(Figure 4.2.10). 
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Figure 4.2.9: Deleted region (red rectangle) in PTPRD gene. (ENSEMBL Genome 
Browser, NCBI36 database) 
 

 
 
Figure 4.2.10: Homozygot deletion on Snu475 HCC cell line between exons 15-22. 
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4.2.6. In Silico Analysis of  PTPRD promoter 

 Tumor suppressor genes can be inactivated by genetic mechanisims, such as 

deletion, or epigenetic mechanism such as promoter hypermethylation (Ponder B.A. , 

2001; Jones P.A., Baylin S.B., 2002)  Promoter hypermethylation has been show to 

be a major inactivation mechanism of the tumor suppressor genes in cancers 

(Herman J.G., Baylin S.B., 2003). As PTPRD has been shown to be downregulated 

by epigenetically in GBM, breats and colon cancer but not in corresponding normal 

tissues, and its expression can be restored after treatment with the DNMT inhibitor 

DAC,  we want to search in HCC (Veeriah S. et al., 2009). PTPRD promoter region 

contains CpG island as studied in Veeriah S. et al. study (Figure 4.2.11). Nested 

primers were designed in order to amplify the region of CpG sites. Same region was 

also investigated previously by Veeriah S. et al. and methylation was found in 37% 

of GBM tumors (Ensembl Transcript ID: ENST00000381196) (Veeriah S. et al., 

2009). 

 

 

 

Figure 4.2.11 : Promoter region of the PTPRD gene. CpG island (light blue area) 
predictted by MethPrimer program and location of the primers used for the analysis 
of methylation status were shown. Red lines denote CpG sites, numbered boxes 
denote exons and TIS denotes the transcriptional start site (Ensembl Transcript ID: 
ENST00000381196). 
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4.2.7. Restoration of PTPRD mR�A expression by 5'-AzaC 

and  TSA treatment 

 As mentioned previously, many genes, especially tumor suppressor genes 

transciptionally silenced via epigenetic mechanisms including promoter hyper- 

methylation and histone modifications (Esteller M., 2007). To clarify if PTPRD 

expression in HCC cell lines was reduced due to DNA methylation and/or histon 

deacetylation, cell lines having reduced level of PTPRD expression was treated with  

DNA methyltransferase inhibitor (5-AzaC) alone and with histone deacetylase 

inhibitor trichostatin A (TSA). PLC and Hep3B cell lines did not express PTPRD 

mRNA that was shown in both 5’ and 3’ multiplex semi-quantitative RT-PCR 

experiment but HepG2 cell line was shown to have low level of PTPRD mRNA 

expression in 5’ (Figure 4.2.2). PTPRD mRNA expression was succesfully restored 

after 5-AzaC treatment alone (in PLC and Hep3B cell lines) or together with 

trichostatin A (TSA) (in Hep3B and HepG2 cell lines) (Figure 4.2.12, Figure 4.2.13). 

 

 

 

Figure 4.2.12 : Restoration of PTPRD mRNA expression by 5'-AzaC and TSA 
treatment. PTPRDcd3F/PTPRDcd3R primer pair with an expected product size of 
517 bp and GAPDH RTF/GAPDH RTR pair with an expected product size of 611 bp 
were used. M, marker (bp); (-), negative control. SkHep1 cell line was used as a 
PTPRD positive control. GAPDH was used as an internal control of multiplex semi-
quantitative RT-PCR. 
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                      a)  
 
                       

                       b)   
  
Figure 4.2.13 : Restoration of PTPRD mRNA expression in Hep3B cell line after 5'-
AzaC and/or TSA treatment shown by multiplex semi-quantitative RT-PCR.            
M, marker (bp); (-), negative control. SkHep1 cell line was used as a PTPRD positive 
control. GAPDH (with an expected product size of 611 bp) was used as an internal 
control. a) PTPRDcd3F/PTPRDcd3R primer pair with an expected product size of 
517 bp and b) PTPRDcd9F / PTPRDcd9R primer pair with an expected product size 
of 1004 bp was used. 
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HepG2 and Hep3B was previously shown to have PTPRD protein when 35 µg 

protein were loaded (Figure 4.2.3). But, these cell lines could not be shown to have 

protein when loaded 12 µg and 3 µg protein respectively. Even more interestingly, 

they restored PTPRD protein after 5-AzaC/TSA treatments. It could be suggested 

that these cell lines have PTPRD protein, but only at the basal level (Figure 4.2.14). 

 
 

              
 
Figure 4.2.14 : Western blot analysis of  PTPRD in HepG2 and Hep3B cell lines and 
same cell lines after 5-AzaC and TSA treatments. Calnexin was used as a equal 
loading control. 12 µg protein were loaded for HepG2 and HepG2 + (5-AzaC+TSA). 
3 µg protein were loaded for Hep3B and Hep3B + (5-AzaC+TSA). SpectraTM 
Multicolor Broad Range Protein Ladder (Fermentas, USA) was used as a marker. 
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4.2.8. Frequent metylation of PTPRD promoter in primary 

 HCC samples 

 
 PTPRD promoter was previously shown to be methylated (37%) in GBM 

(glioblastoma multiforme) tumors, breast cancer (20%) and colon cancer (50%) 

(Veeriah S. et al., 2009). CpG island in the promoter of PTPRD gene (Figure 4.2.11) 

was investigated in clinical HCC samples. Combined bisulfite restriction analysis 

(COBRA) was performed to determine the level of PTPRD methylation. 29 tumors 

and paired normal liver tissue samples were examined and 20.7% of the tumors was 

shown to have high level of methylation compared to their corresponding normal 

tissues (Figure 4.2.15).  
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Figure 4.2.15 : BstUI restriction analysis of PTPRD promoter region amplified by 
ptprdBi2F / ptprdBi1R primer pair. 6 out of 29 normal-tumor paired samples (20,7%) 
were methylated. M, marker (bp). 
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4.3. MDM2 (Chromosome 12q15) 
  

 In our published study, the distribution of the SNP309 genotype was 

investigated in 99 human HCCs that were previously characterized for TP53 

alterations from HCC endemic and rare geographical areas (Acun T., et al. 2010).  

 A total of 99 DNA samples with known TP53 status isolated from 

histologically confirmed tumor and nontumor liver tissue of the patients from HCC 

patients living in different geographical regions, including Mozambique (n=16), 

South Africa (excluding Mozambique: n=17), China (n=21), Japan (n=13),       

Europe (Germany, France, Spain, Turkey, Israel and USA: n=32) were analysed. 

Characteristics of these tumors and methods for DNA isolation have been described 

previously (Unsal H. et al., 1994; Cagatay T. et al., 2002). 

 SNP309 (T/G) of MDM2 were genotyped using PCR amplification of the first 

intron by MDM2-F / MDM2-R primer pair (304 bp), followed by MspA1I (Promega) 

digestion as described elsewhere (Sotamaa K. et al., 2005) (Figure 4.3.1).   

 

 
 
Figure 4.3.1: Representative photograph of MspA1I digested PCR products of HCC 
samples resolved  on  3% agarose gel .Three distinct patterns were observed 
representing T/T wild type,  T/G heterozygote,  G/G homozygote. M, marker (bp). 
 

  

 

 

 



 105 

 All statistical analyses were conducted using R functions in ‘genetics’ and 

‘stats’ packages (http://www.r-project.org) (Foulkes A.S., 2009; Cohen Y. Cohen 

J.Y., 2008). Pearson's Chi-squared test with simulated P-value (based on 10,000 

replicates) was applied to test whether the populations were in Hardy–Weinberg 

equilibrium with respect to MDM2 SNP309 polymorphism. The association between 

the P53 mutation status and the SNP309 genotypes was assessed using Fishers’ exact 

tests. 

 Ninety-nine samples with known TP53 status (n=99) were genotyped for 

SNP309. The observed genotypic frequency of SNP309 in HCC patients was 

distributed as 49% T/T genotype carriers (n=49), 31% T/G genotype carriers (n=31) 

and 19% G/G genotype carriers (n=19) (Table 4.3.1). 

 Remarkable differences in the allele frequencies for each SNP309 genotype 

between patients from different geographical regions were observed. The G allele 

was the most common in the 13 Japanese HCC patients (100%); three of them      

were homozygous (23%) and 10 of them (77%) were heterozygous (Table 4.3.1). 

Interestingly, there was no wild-type SNP309 genotype carrier (T/T) among Japanese 

HCC patients (n=13), although the Japanese population was in HW equilibrium     

(P-value = 0.08).  

 Contrastingly, 31 out of 33 South African patients were wild-type for 

SNP309 (94%), but only two were heterozygous (6%), while there was no patient 

with the G/G genotype. Genotypic distributions of African and European populations 

did not exhibit HW disequilibrium. The allele frequencies were highly divergent 

between African and other populations in which G allele was frequent (Table 4.3.1). 

 Distribution of T/T and T/G−G/G genotypes together was similar between 

patients from two geographically distant regions: China and Europe [wild-type 

genotype frequency 33% (7/21) vs. 34% (11/32); mutant genotype frequency 67% 

(14/21) vs. 66% (21/32), respectively]. However, heterozygote genotype frequency 

varied drastically between Chinese and European HCC patients [15% (3/21) vs. 50% 

(16/32)]. 
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Table 4.3.1: Distribution of TP53 mutations and SNP309 genotypes in HCC samples 
from different geographical regions and Hardy–Weinberg equilibrium states of 
MDM2 genotypes. Mut, mutations; p and q refer to allele frequencies of T and G, 
respectively (Acun T., et al. 2010). 
 

  

 
 
Table 4.3.2: Inverse relationship between TP53 mutation and SNP309 G genotype of 
MDM2 gene in all HCC samples and without african samples. Wt, wild type; Mut, 
mutant; OR, odds ratio; CI, confidence interval (Acun T., et al. 2010). 
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 We then analyzed whether a significant correlation between the TP53 

mutation and SNP309 genotypes existed. Interestingly, 18 of 22 (82%) TP53 

mutations were concentrated in 49 (37%) HCC cases displaying the T/T genotype 

(Table 4.3.2). Among the 19 cases homozygous for G/G, three of them had TP53 

mutations (16%) and only one of 31 cases of heterozygous T/G displayed somatic 

TP53 mutations (3%) (Table 4.3.2). Considering both T/G and G/G genotypes 

together (dominant model), only 4% of the 99 HCCs were positive for both p53 gene 

mutation and the G genotype (Table 4.3.1 and Table 4.3.2). 

 We next examined whether there was a statistical interaction between the G 

genotype and TP53 mutations using Fisher's exact test. There was a highly 

significant inverse relationship between the presence of TP53 mutation and the G 

allele (P-value, two-sided = 0.0006; odds-ratio = 0.153; 95% CI = 0.03–0.52). 

 We next excluded African patients from the statistical analysis to prevent the 

potential bias from the high percentage of TP53 mutations and SNP309 wild-type 

genotype carriers in Africa. The inverse relationship between the presence of        

TP53 mutation and the G genotype was sustained (P-value, two-sided = 0.0065;            

odds-ratio = 0.148; 95% CI = 0.03–0.7). 

 Given the functional role of SNP309 in the inhibition of the TP53 pathway, 

the mutant genotype of this SNP may be functionally equivalent to the inactivating 

TP53 mutations in hepatocarcinogenesis (Figure 4.3.2). Either germline mutations at 

MDM2 SNP 309 or somatic mutations in TP53 gene seems to occur to inactivate 

TP53 pathway. Both alteration classify about 70% (68/99) of the HCCs, remaining 

30% of tumors that lack of TP53 pathway inactivation are not inlcuded in the figure 

(Figure 4.3.2). 
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Figure 4.3.2: Model for TP53 pathway inactivation during hepatocellular carcinoma 
development.  
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4.4. RAS/RAF/MAPK Pathway 

 
 Mutation analysis of the MEK1 (MAP2K1) , MEK2 (MAP2K2), ERK1 

(MAPK3) and ERK2 (MAPK1) genes in HCC cell lines were performed by using 

overlapping cDNA specific primers and direct sequencing of the amplified PCR 

products (Figure 4.4.1). No mutations were described in these genes in 14 HCC cell 

lines.  

 PTP�11 (SHP2), on the other hand, was analysed by using genomic DNA 

because of difficulties of amplifying its cDNA. As, PTP�11 was previously shown 

to have mutations described in noonan syndrome (NS), clinically related leopard 

syndrome (LS) and leukemia (Tartaglia M. et al., 2006), which are accumulated on 

exon 3,4,7,8,12 and 13. These exons were analysed first but no mutations were 

described in these exons in 14 HCC cell lines (Figure 4.4.2). But, mutation analysis 

was extended to remaining exons, as there might be some mutations specific for 

HCC. As no mutation was found in HCC cell lines for the genes MEK1 (MAP2K1) , 

MEK2 (MAP2K2), ERK1 (MAPK3), ERK2 (MAPK1) and PTP�11 (SHP2), mutation 

analysis was not extended to HCC samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 110 

 

 

 

 
 
Figure 4.4.1: Representative figures showing functional domains and locations of 
the primers used for amplification of each gene cDNA. Each F/R primer pairs 
represented in same color. 
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Figure 4.4.2: Representative figure showing functional domains and locations of the 
primers used to amplify PTP�11 gene. Each F/R primer pairs specific for exons 3, 4, 
7, 8, 12, 13 are represented in same color. 
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4.5. Chromosome 11q13 (FBXL11, PTPRCAP) 

4.5.1. FBXL11 Expression in HCC Cell Lines 

 
 FBXL11 mRNA expression was analysed in 14 HCC cell line by quantitative 

real-time RT-PCR. FBXL11 mRNA expression was found to be high in Huh7, Hep40 

and Snu387; low in Focus, HepG2, MV, PLC, Snu398, Snu423 and Snu475. Hep3B, 

SkHep1 and Snu182 cell lines shown very little expression (Figure 4.5.1). 

 FBXL11 expression was also observed at the protein level in eight HCC cell 
lines tested (Figure 4.5.2).  
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Figure 4.5.1: Quantitative Real-Time Analysis of FBXL11 in HCC cell lines.     
ACTB was used as an internal control. Experiment conducted two times and standart 
deviations are indicated. Dissociation curves of both genes are also presented. 
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Figure 4.5.2 : Western blot analysis of  FBXL11 in HCC cell lines. FBXL11 was 
expected to give band at 132 kDa. Calnexin (90 kDa) was used as a loading control. 
35 µg protein were loaded each well. PageRuler™ Prestained Protein Ladder 
(Fermentas, USA) was used as a marker. 
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4.5.2. FBXL11 Expression in Human HCCs 
 
 FBXL11 mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.5.3, 4.5.4). To normalize the FBXL11 expression, samples were 

also analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 

2009).  

 

 

 

                                              

 
Figure 4.5.3 : FBXL11 mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of FBXL11 mRNA expression. The data 
represent mRNA levels of FBXL11 normalized to TBP. Dissociation curves of both 
genes are also presented.  
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Figure 4.5.4 : FBXL11 mRNA expression in HCC tumors relative to normals.  
 
 
 We observed significantly reduced FBXL11 mRNA expression in 18 of 23 

(78.3%) primary HCCs (GI, GII, GIIIA, GIV), compared with eight normal liver 

tissues from the same panel as calculated by the student's t-test (P value=0,0043).  

 
 

4.5.3. Absence of FBXL11 Mutations in HCC Cell Lines 

 Coding region of FBXL11 gene (exon 10 to exon 21) was also investigated by 

using genomic primers and direct sequencing of the amplified PCR products. No 

mutations were described in 14 HCC cell  lines. 
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4.5.4. PTPRCAP Expression in HCC Cell Lines 

 PTPRCAP mRNA expression was analysed in 14 HCC cell line by 

quantitative real-time RT-PCR by using PTPRCAP-F/PTPRCAP-R primer pair with 

an expected product size of 132 bp. PTPRCAP mRNA expression was found to be 

high in Snu182, Snu387 and Snu475. Focus, HepG2, MV, SkHep1 and Snu449 cell 

lines shown very little expression (Figure 4.5.5). 
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Figure 4.5.5: Quantitative Real-Time Analysis of PTPRCAP in HCC cell lines. 
GAPDH was used as an internal control. Experiment conducted two times and 
standart deviations are indicated. Dissociation curves of PTPRCAP and GAPDH 
primers are also presented. 
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4.5.5. PTPRCAP Expression in Human HCCs 

 PTPRCAP mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.5.6, 4.5.7). PTPRCAP-F/PTPRCAP-R primer pair was used. To 

normalize the PTPRCAP expression, samples were also analysed for TBP expression 

(FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  

 
 
 

 
 
 
 

 
 
Figure 4.5.6  : PTPRCAP mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to            
real-time reverse transcription–PCR for detection of PTPRCAP mRNA expression.              
The data represent mRNA levels of PTPRCAP mRNA normalized to TBP. 
Dissociation curves of both genes are also presented.  
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Figure 4.5.7 : PTPRCAP mRNA expression in HCC tumors relative to normals. 
 
 
 We observed high PTPRCAP mRNA expression in 12 of 23 (52,1%) primary 

HCCs (GI, GII, GIIA, GIV), compared with eight normal liver tissues from the same 

panel. 
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4.6. Chromosome 13q12 (TUBA3C,Z�F198,TPTE2) 

4.6.1. Detailed Genetic Analysis of 13q12.11 Region 

 13q12.11 region in Huh7 and SkHep1 cell lines was previously shown to be 

deleted (Kubilay DEMIR, M.Sc.). 10K chip was used to analyse the region which 

was covered by 9 SNP markers. These markers are not enough to investigate the 

deleted region gene-by-gene. To better understand the deletion borders and to 

determine the deleted genes, we use fine-mapping starategy. 9 genes (predicted and 

defined) were analysed in 14 HCC cell lines by using genomic primers (Figure 

4.6.1).  

 
 
Figure 4.6.1: PCR results of the genes located in the deleted region (Figure was 
adapted from Kubilay Demir, M.Sc.). 
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 The genes; BC06787, �R_002801, TUBA3C, HSMPP3, ZMYM5, ZMYM2, 

CRYL1, IFT88, were shown to be deleted in SkHep1. BC06787, �R_002801 and 

TUBA3C genes were deleted in both Huh7 and SkHep1 cell lines (Figure 4.6.1). 

Preliminary bioinformatic studies on BC06787 and �R_002801 genes showed that 

these genes does not code for protein. So, it appears that TUBA3C is the only gene to 

be deleted in both Huh7 and SkHep1 cell lines. 

 According to SANGER CONAN (Copy Number Analysis) database, in the 

case of liver tissue, the deleted region is between around 13:18,310,000 and 13: 

20,455,000 bp (Figure 4.6.2). 
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Figure 4.6.2: Deleted region in 13q12 (red rectangle) and residing genes was 
represented in detail (Photograph from Ensembl database, NCBI36). 
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4.6.2. TUBA3C 

4.6.2.a. TUBA3C Expression in HCC Cell lines 

 To investigate TUBA3C mRNA expression pattern in HCC cell lines, 

multiplex semi-quantitative RT-PCR were preformed. Only 4 out of  14 cell lines 

were shown to express TUBA3C mRNA, being Focus is the highest. Thus, 

expression of TUBA3C is reduced 71,4 % (10/14) of HCC cell lines (Figure 4.6.3). 

 

 
 
Figure 4.6.3: Multiplex semi-quantitative RT-PCR result for TUBA3C in 14 HCC 
cell lines. Tuba3CRTF/tuba3CRTR pirmer pair with an expected product size of 145 
bp and GAPDH RTF/GAPDH RTR pair with an expected product size of 611 bp 
were used. M, marker (bp); (-), Negative control. GAPDH was used as an internal 
control. 
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TUBA3C mRNA expression pattern was also confirmed by Real-Time RT-PCR 

experiment (Figure 4.6.4). 

 
 

 
 
 

      
 
 
Figure 4.6.4 : Quantitative Real-Time Analysis of TUBA3C in HCC cell lines.  
Tuba3CRTF / tuba3CRTR primer pair was used. TBP was used as an internal 
control. Experiment conducted two times and standart deviations are indicated. 
Dissociation curves of TUBA3C and TBP primers are also presented. 
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4.6.2.b. TUBA3C Expression in Human HCCs 

 
 TUBA3C mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.6.5). To normalize the TUBA3C expression, samples were also 

analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  

 
 

 
 
 

   
 
Figure 4.6.5  : TUBA3C mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to           
real-time reverse transcription–PCR for detection of TUBA3C mRNA expression. 
Tuba3CRTF / Tuba3CRTR primer pair was used. The data represent mRNA levels 
of TUBA3C mRNA normalized to TBP. Dissociation curves of both genes are also 
presented.  
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4.6.2.c. Genetic Analysis of TUBA3C 

 Each exon of TUBA3C were analysed in all HCC cell lines (except Huh7 and 

SkHep1) by genomic PCR followed by direct sequencing. This detailed mutation 

analysis was revealed one mutation (S38N) in Mahlavu cell line. Some silent 

mutations were also found (data not shown) (Figure 4.6.6). 

 

 

 
 
 
Figure 4.6.6: S38N mutation in TUBA3C. Figure presented here were captured from 
DNA Variant Analysis Software, Mutation Surveyor® Version 3.25 
(www.softgenetics.com) showing an S38N mutation which result from “agt” to “aat” 
change. The uppermost and bottom sequence are TUBA3C reference sequences 
downloaded from GenBank database. Between are the sequences of MV cell line 
from both directions, forward and reverse. 
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4.6.2.d. Epigenetic events in the restoration of TUBA3C expression 

 Epigenetic mechanisms including promoter hypermethylation and histone 

modifications play an important role in the silencing of many genes, especially tumor 

suppessor genes (Esteller M., 2007). To better understand the possible role of 

epigenetic mechanisms in TUBA3C mRNA expression, PLC, HepG2 and Hep3B cell 

lines which does not have TUBA3C expression, was treated with DNA 

methyltransferase inhibitor (5-AzaC) alone and together with histone deacetylase 

inhibitor trichostatin A (TSA) (Figure 4.6.7, Figure 4.6.8). TUBA3C mRNA 

expression was succesfully restrored in these cell lines after the treatments. TSA 

alone was shown to restore the expression more than 5-AzaC alone in Hep3B cell 

line. Also, TSA together with 5-AzaC increase the TUBA3C expression more than   

5-AzaC alone, in HepG2 and Hep3B cell lines. It can be suggested from these results 

that, not only DNA methylation but also histone modifications seems to have a role 

in the regulation of TUBAC expression. Together, these results strongly suggest a 

possible role of epigenetic control on the TUBA3C mRNA expression. 

             
                         
Figure 4.6.7: Restoration of TUBA3C mRNA expression after 5'-AzaC and TSA 
treatments. Tuba3CRTF/tuba3CRTR pirmer pair with an expected product size of 
145 bp and GAPDH RTF/GAPDH RTR pair with an expected product size of 611 bp 
were used. M, marker (bp); GAPDH was used as an internal control. 
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Figure 4.6.8 : Restoration of TUBA3C mRNA expression in Hep3B cell line after 5'-
AzaC and TSA treatments. Tuba3CRTF/tuba3CRTR pirmer pair with an expected 
product size of 145 bp and GAPDH RTF/GAPDH RTR pair with an expected 
product size of 611 bp were used. GAPDH was used as an internal control of 
multiplex semi-quantitative RT-PCR M, marker (bp); (-) negative control. 
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4.6.3. Z�F198 (ZMYM2) 

 ZNF198 was shown to be located in deleted region and PCR result also 

confirm its deletion only in SkHep1 cell line (Figure 4.6.1).  

4.6.3.a. Z�F198 Expression in HCC Cell lines 

 Z�F198 mRNA expression pattern in HCC cell lines was analysed by semi-

quantitative RT-PCR. All HCC cell lines were shown to express Z�F198 mRNA 

(Figure 4.6.9). 

 

 

 
Figure 4.6.9: Multiplex semi-quantitative RT-PCR result for Z�F198 in 14 HCC 
cell lines. ZNF198-Cd5F/ZNF198- Cd4R primer pair with an expected product size 
of 164 bp and GAPDH RTF/GAPDH RTR pair with an expected product size of 611 
bp were used. GAPDH was used as an internal control. M, marker (bp). 
 

4.6.3.b. Genetic Analysis of Z�F198 

 Z�F198 mutation analysis was performed by 1 genomic, 5 cDNA specific 

and overlapping primer pairs. They cover all coding region of the Z�F198.              

No mutation was found on 13 HCC cell lines. 
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4.6.4. TPTE2 

4.6.4.a. TPTE2 Expression in HCC Cell lines  

 
 TPTE2 mRNA expression pattern was analysed by quantitative real-time    

RT-PCR in 14 HCC cell lines (Figure 4.6.10). Only Hep40, Huh7 and PLC have 

TPTE2 mRNA expression among other 11 HCC cell lines. SkHep1 did not express 

TPTE2 mRNA as it is deleted in this cell line.  
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Figure 4.6.10 : Quantitative Real-Time Analysis of TPTE2 in 14 HCC cell lines.  
TPTE2F/TPTE2R primer pair was used. TBP was used as an internal control. 
Experiment conducted two times and standart deviations are indicated. Dissociation 
curves of TPTE2 and TBP primers are also presented. 
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4.6.4.b. TPTE2 Expression in Human HCCs  

 
 TPTE2 mRNA expression was analysed in clinical samples (TissueScan Liver 

Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR analysis 

(Figure 4.6.11, 4.6.12). To normalize the TPTE2 expression, samples were also 

analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  

 

 
 
 

 
 
Figure 4.6.11 : TPTE2 mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of TPTE2 mRNA expression. TPTE2F 
/TPTE2R primer pair was used. The data represent mRNA levels of TPTE2 mRNA 
normalized to TBP. Dissociation curves of both genes are also presented. 
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Figure 4.6.12 : TPTE2 mRNA expression in HCC tumors relative to normals.  
 
 
 We observed low TPTE2 mRNA expression in 18 of 23 (78,2%) primary 

HCCs (GI, GII, GIIA, GIV), compared with eight normal liver tissues from the same 

panel as calculated by the student's t-test (P value=0.057). 
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4.7. Chromosome 3p25.1 (IQSEC1) 

4.7.1 IQSEC1 Expression in HCC Cell lines 

 
 IQSEC1 mRNA expression was analysed in 14 HCC cell lines by quantitative 

real-time RT-PCR (Figure 4.7.1). Hep40, Huh7 and Snu398 have highest IQSEC1 

mRNA expression among other 11 HCC cell lines. HepG2, PLC, SkHep1 and 

Snu475 cell lines were shown to almost no IQSEC1 expression. 
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Figure 4.7.1: Quantitative Real-Time Analysis of IQSEC1 in 14 HCC cell lines.  
ACTB was used as an internal control. Experiment conducted two times and standart 
deviations are indicated. Dissociation curves of IQSEC1 and ACTB primers are also 
presented. 
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4.7.2 IQSEC1 Expression in Human HCCs 

 
 IQSEC1 mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.7.2, 4.7.3). To normalize the IQSEC1 expression, samples were 

also analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 

2009).  

 
 

 
 
 
 

 
 
 
Figure 4.7.2: IQSEC1 mRNA expression in HCC samples. cDNAs from human liver 
tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of IQSEC1 mRNA expression. The data 
represent mRNA levels of IQSEC1 mRNA normalized to TBP. Dissociation curves 
of both genes are also presented. 
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Figure 4.7.3 : IQSEC1 mRNA expression in HCC tumors relative to normals.  
 
 
 We observed low IQSEC1 mRNA expression in 16 of 23 (69,5%) primary 

HCCs (GI, GII, GIIA, GIV), compared with eight normal liver tissues from the same 

panel. 
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4.8. Chromosome 14q13.3 (MIPOL1) 

4.8.1 MIPOL1 Expression in HCC Cell lines 

 

 MIPOL1 mRNA expression was analysed in 14 HCC cell lines by 

quantitative real-time RT-PCR (Figure 4.8.1). Snu398 and Snu449 cell lines have 

highest MIPOL1 mRNA expression among other 12 HCC cell lines. 
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Figure 4.8.1: Quantitative Real-Time Analysis of MIPOL1 in 14 HCC cell lines.  
ACTB was used as an internal control. Experiment conducted two times and standart 
deviations are indicated. Dissociation curves of MIPOL1 and ACTB primers are also 
presented. 
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 MIPOL1 expression was also checked at the protein level (Figure 4.8.2). 

HepG2, Snu475, Snu387 and Hep3B was in concordance with the real-time results.          

PLC was previously shown to be reside in the homozygous deletion region (Figure 

1.9.1), but western results showed MIPOL1 protein in PLC cell line. In silico 

analysis on SANGER CONAN database revealed that this deletion was between 

36,887,100-37,030,900 bp (143.800 bp) and result in ~67 aminoacid loss in protein 

(Figure 4.8.3). 

         
 

 
  
 
Figure 4.8.2 : Western blot analysis of  MIPOL1 in 5 HCC cell lines. MIPOL1 was 
expected to give band at 50 kDa. Calnexin (90 kDa) was used as a loading control. 
35 µg protein were loaded each well. PageRuler™ Prestained Protein Ladder 
(Fermentas, USA) was used as a marker. 
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Figure 4.8.3: Deleted region (red rectangle) in MIPOL1 gene. (ENSEMBL Genome 
Browser, NCBI36 database). 
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4.8.2 MIPOL1 Expression in Human HCCs 

 
 MIPOL1 mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.8.4, 4.8.5). To normalize the MIPOL1 expression, samples were 

also analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 

2009).  

 

 
 
 
 

 
 
Figure 4.8.4: MIPOL1 mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of MIPOL1 mRNA expression. The data 
represent mRNA levels of MIPOL1 mRNA normalized to TBP. Dissociationcurves 
of both genes are also presented. 
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Figure 4.8.5 : MIPOL1 mRNA expression in HCC tumors relative to normals.  
 
  

 We observed low MIPOL1 mRNA expression in 12 of 23 (52,17%) and high 

MIPOL1 mRNA expression in 11 of 23 (47,8%) primary HCCs (GI, GII, GIIA, 

GIV), compared with eight normal liver tissues from the same panel. 
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4.9. Chromosome 10q24 (CHUK) 

4.9.1 CHUK Expression in HCC Cell lines 

 
 CHUK mRNA expression was analysed in 14 HCC cell lines by quantitative 

real-time RT-PCR (Figure 4.9.1). Snu398, PLC, MV, HepG2, Hep40 and Huh7 cell 

lines have highest CHUK mRNA expression among other HCC cell lines. Hep3B, 

SkHep1, Snu182, Snu387 and Snu475 cell lines have very low amount of CHUK 

mRNA. 
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Figure 4.9.1: Quantitative Real-Time Analysis of CHUK in 14 HCC cell lines.  
ACTB was used as an internal control. Experiment conducted two times and standart 
deviations are indicated. Dissociation curves of CHUK and ACTB primers are also 
presented. 
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4.9.2 CHUK Expression in Human HCCs 

 
 CHUK mRNA expression was analysed in clinical samples (TissueScan Liver 

Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR analysis 

(Figure 4.9.2, 4.9.3). To normalize the CHUK expression, samples were also 

analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  

 
 

 
 
                                                                                                 
 
                                                 

 
 
Figure 4.9.2: CHUK mRNA expression in HCC samples. cDNAs from human liver 
tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of CHUK mRNA expression. The data 
represent mRNA levels of CHUK mRNA normalized to TBP. Dissociation curves of 
both genes are also presented. 
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Figure 4.9.3 : CHUK mRNA expression in HCC tumors relative to normals. 
 
 
 We observed low CHUK mRNA expression in 14 of 23 (60,86%) primary 

HCCs (GI, GII, GIIA, GIV), compared with eight normal liver tissues from the same 

panel. 
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4.10. Chromosome 1q21 (MCL1) 

4.10.1 MCL1 Expression in HCC Cell lines 

 
 MCL1 mRNA expression was analysed in 14 HCC cell lines by quantitative 

real-time RT-PCR (Figure 4.10.1). Snu182 and Hep3B cell lines have highest MCL1 

mRNA expression among other HCC cell lines. Hep40, Mahlavu, SkHep1, Snu398 

and Snu423 cell lines have reduced level of MCL1 mRNA.  

 
 
 
 

 
 
 
 
Figure 4.10.1: Quantitative Real-Time Analysis of MCL1 mRNA expression in 14 
HCC cell lines. GAPDH was used as an internal control. Experiment conducted two 
times and standart deviations are indicated.  
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 MCL1 expression at the protein level was also checked by western blot 

analysis (Figure 4.10.2). Western blot analysis was confirmed real-time analysis 

result. 

 

 

 

 

Figure 4.10.2 : Western blot analysis of  MCL1 in 4 HCC cell lines. MCL1 was 
expected to give band at 37 kDa. Calnexin (90 kDa) was used as a loading control. 
35 µg protein were loaded each well. PageRuler™ Prestained Protein Ladder 
(Fermentas, USA) was used as a marker. 
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4.10.2 MCL1 Expression in Human HCCs 

 
 MCL1 mRNA expression was analysed in clinical samples (TissueScan Liver 

Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR analysis 

(Figure 4.10.3, 4.10.4). To normalize the MCL1 expression, samples were also 

analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 2009).  

 

 

 
 

 
 
Figure 4.10.3: MCL1 mRNA expression in HCC samples. cDNAs from human liver 
tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of MCL1 mRNA expression. The data 
represent mRNA levels of MCL1 mRNA normalized to TBP. Dissociation curves of 
both genes are also presented. 
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Figure 4.10.4 : MCL1 mRNA expression in HCC tumors relative to normals. 
 
 
 We observed significantly low MCL1 mRNA expression in 21 of 23 

(91,30%) primary HCCs (GI, GII, GIIA, GIV), compared with eight normal liver 

tissues from the same panel as calculated by the student's t-test (P value=0.011). 
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4.11. Chromosome 7q21 (MAGI-2) 

4.11.1 MAGI-2 Expression in HCC Cell lines 

 
 MAGI-2 mRNA expression was analysed in 14 HCC cell lines by multiplex 

semi-quantitative RT-PCR (Figure 4.11.1) and quantitative real-time RT-PCR 

(Figure 4.11.2). Focus, HepG2, Hep3B, PLC, Snu387 and Snu475 cell lines have low 

level of MAGI-2 mRNA in both RT experiments. 

 

 

Figure 4.11.1: Multiplex semi-quantitative RT-PCR result for MAGI-2 in 14 HCC 
cell lines. MAGI-2 F/R primer pair with an expected product size of 129 bp and 
GAPDH RTF/GAPDH RTR pair with an expected product size of 611 bp were used. 
GAPDH was used as an internal control. M, Marker; (-), Negative control. 
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Figure 4.11.2: Quantitative Real-Time Analysis of MAGI-2 mRNA expression in 14 
HCC cell lines. ACTB was used as an internal control. Experiment conducted two 
times and standart deviations are indicated. Dissociation curves of MAGI-2 and 
ACTB primers are also presented. 
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4.11.2 MAGI-2 Expression in Human HCCs 

 MAGI-2 mRNA expression was analysed in clinical samples (TissueScan 

Liver Cancer Tissue qPCR panel I, Origene) by quantitative real time RT-PCR 

analysis (Figure 4.11.3, 4.11.4). To normalize the MAGI-2 expression, samples were 

also analysed for TBP expression (FU LY. et al., 2009; Gur-Dedeoglu B. et al., 

2009). 
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Figure 4.11.3 : MAGI-2 mRNA expression in HCC samples. cDNAs from human 
liver tissues of normal and various stages of liver cancers were subjected to real-time 
reverse transcription–PCR for detection of MAGI-2 mRNA expression. The data 
represent mRNA levels of MAGI-2 mRNA normalized to TBP (D1 and E4 samples 
were excluded from the analysis). Dissociation curves of both genes are also 
presented. 
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Figure 4.11.4 : MAGI-2 mRNA expression in HCC tumors relative to normals. (D1 
and E4 samples were excluded from the analysis). 
 
 
 
 We observed significantly reduced level of MAGI-2 mRNA expression in 22 

of 23 (95,65%) primary HCCs (GI, GII, GIIA, GIV), compared with eight normal 

liver tissues from the same panel as calculated by the student's t-test (P value=0.002). 
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CHAPTER 5 

DISCUSSIO� 

 

5.1. SIP1 (ZEB2) 

 Upregulation of SIP1 in different types of cancers have been described 

(Rosivatz E. et al., 2002; Elloul S. et al., 2005; Mejlvang J. et al., 2007). Comijn et 

al. (2001) showed that conditional ZEB2/SIP1 expression in epithelial cells resulted 

in the specific loss of E-cadherin expression which strongly correlates with the loss 

of cell aggregation and induction of invasion in vitro. In addition, strong expression 

of SIP1 had previously been reported in some HCC cell lines (Miyoshi A. et al., 

2004) but SIP1 protein level in HCC tissues was currently unknown.  

 Our data was seemingly contradictory to the role of SIP1 as a promoter of 

invasion in HCC cell lines as proposed by Miyoshi et al., but the latter has not been 

yet confirmed with in vivo studies (Miyoshi A. et al., 2004). On the other hand, 

significant cancer tissue expression biases can be explained by cell context-

dependent effect of SIP1. 

 It was previously reported that SIP1 may induce senescence in HCC cells 

through hTERT repression, which in turn suggests that SIP1 could act as a tumor 

suppressor (Ozturk N. et al., 2006). Consistent with Ozturk N. et al. study, SIP1 has 

also been shown to be a negative regulator of hTERT transcription in breast cancer 

cells (Lin S.Y. et al., 2003). In this context, ZEB2/SIP1 could act as a negative 

regulator of hTERT expression, and thus may exerce a tumor suppressive activity 

instead of its more commonly accepted role in EMT and metastasis. In support of 

this hypothesis, in A431 cells SIP1 inhibits directly the expression of cyclin D1, a 
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known oncogene, and induced hypophosphorylation of the RB protein, a bona fida 

tumor suppressor and led to accumulation of cells in G1 phase (Mejlvang J. et al., 

2009). 

 If  SIP1 acts as a tumor suppressor, one can expect its decreased expression in 

tumors. In a very recent study, silencing of SIP1 expression through promoter 

hypermethylation was shown in most pancreatic cancer samples (90%) (Li A. et al., 

2010). In case of hepatocarcinogenesis, here, we show that SIP1 mRNA and protein 

levels decrease in HCC cell lines and tissues which supports our hypothesis that SIP1 

contributes to the prevention of hepatocarcinogenesis. 

 The data presented here clearly demonstrate that Sip1 undergoes epigenetic 

silencing in a considerable proportion of  HCC. Combined with previous in vitro and 

in vivo findings that shows the implication of Sip1 in hTERT repression and 

senescence arrest in a HCC cell line (Ozturk N. et al., 2006), our observations here 

suggest that inactivation of SIP1 might contribute to hepatocarcinogenesis and Sip1 

is a potential tumor suppressor gene. 

5.2. PTPRD 

 PTPRD was suggested as a tumor suppressor gene because of its inactivation 

in many cancer types not only by deletions or somatic mutations, but also 

epigenetically. But, genetic and epigenetic alterations is not known in hepato 

carcinoma until our study. 

 PTPRD has previously shown to deleted in many cancer types including lung 

cancer (Zhao X. et al., 2005; Kohno T. et al., 2010) , neuroblastoma (Nair P. et al., 

2008; Stallings R.L. et al., 2006), cutaneous squamous cell carcinomas (SCC) 

(Purdie K.J. et al., 2007), pancreatic cancer  (Calhoun E.S., 2006), melanoma (Stark 

M. and Hayward N., 2007) and glioblastoma multiform (Solomon  D.A., 2008). 

Kubilay Demir from our group was also showed homozygous deletion in Mahlavu, 

Plc, Skhep1, Snu182, Snu387 and Snu423 HCC cell lines which maps to 9p23.      

This 1 MB region maps to a part of protein tyrosine phosphatase receptor type D 

gene (PTPRD) (Fig 1.3.1).  
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 Homozygous deletion of PTPRD in Snu475 cell line was also shown in 

SANGER CONAN database (Figure 1.3.3). Our detailed analysis of this deleted 

region by fine mapping study revealed that this deletion exist only in Snu475 cell 

line among 14 HCC cell lines studied and was covering 8 exons of PTPRD gene 

(Figure 4.2.9, Figure 4.2.10). 

  Many studies showed somatic mutations of PTPRD genes in colorectal 

cancers (Sjoblom et al., 2006), lung adenocarcinoma (Ding et al., 2008; Weir et al., 

2007), glioblastoma multiforme (GBM) and melanoma (Solomon et al., 2008). 

PTPRD hot-spot mutations were also investigated in 14 HCC cell lines on exon 11 

which encodes fibronectin III domain. But, we could only detect an SNP 

(rs10977171) (Q447E) in one HCC cell line, Snu182 and one liver sample, C12 

(Figure 4.2.7 a. and b., respectively). Other exons of PTPRD gene were also analysed 

by cDNA specific primers in Hep40, Focus, MV and SkHep1 HCC cell lines (Figure 

4.2.8). No somatic mutations were found in these cell lines. It is suggested that 

mutational inactivation could not be the major event in PTPRD silencing in HCC.  

 Loss of PTPRD mRNA expression in 5 out of 14 HCC cell lines (HepG2, 

Hep3B, Huh7, PL and Snu423) was shown by quantitative real-time and multiplex 

semi-quantitative RT-PCRs (Figure 4.2.1 and Figure 4.2.2). Although PLC mRNA 

expression was shown by quantitative real-time analysis, expression was 

undetectable on multiplex semi-quantitative RT-PCR of the 5’ and 3’ region of 

PTPRD cDNA (Figure 4.2.2). Also, PTPRD mRNA expression of Snu182 and 

Snu387 cell lines was only shown in multiplex semi-quantitative RT-PCR of the 3’ 

region of PTPRD cDNA (Figure 4.2.2.b). Other 11 cell lines show almost consistent 

expression results in both experiments.  

 PTPRD expression was also checked at the protein level. All HCC cell ines, 

except Snu182 cell line, shown to have PTPRD protein (Figure 4.2.3). 

 Clinical HCC samples were analysed for their PTPRD mRNA expression 

(Figure 4.2.4.). Primary HCCs (GI, GII, GIIIA and GIV) were have significantly low 

levels of PTPRD mRNA compare to normals (P value=0.013) (Figure 4.2.5).       

IHC data was also consistent with our data from clinical HCC samples and showed 

stronger immunostaining in non-HCC hepatocytes compare to HCC (Figure 4.2.6.). 
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 In a previous study, PTPRD was shown to be methylated in GBM (37%), 

breats (20%) and colon cancer (50%) but not in corresponding normal tissues 

(Veeriah et al., 2009). We analysed the metylation status of PTPRD promoter in 

clinical HCC samples by combined bisulfite restriction analysis (COBRA) method. 

29 tumor and paired normal liver tissue samples were examined and 20,7% of the 

tumors was shown to have high level of methylaiton compared to their corresponding 

normal tissue (Figure 4.2.15). 

 Veeriah’s study was also showed that PTPRD expression is restored in GBM 

cell line SKMG3 after treatment with the DNMT inhibitor DAC. In our study, 

PTPRD expression was shown to be restored in HCC after 5'-AzaC and TSA 

treatment at both mRNA and protein level, which indicates a possible promoter 

hypermethylation and/or histone modification (Figure 4.2.12, 4.2.13, 4.2.14).        

This western blot experiment was also showed high binding efficiency of the PTPRD 

antibody, because it could detect 3-12 µg protein used in this western study.                  

In previous western experiment (Figure 4.2.3), 35 µg proteins were used and HepG2 

and Hep3B were shown to have Ptprd protein. So, from these two western results, 

together with their mRNA expression analysis results, it could be suggested that 

HCC cell lines may have Ptprd protein but only at the basal level. 5'-AzaC and TSA 

treatment increases the level of Ptprd protein so much that Ptprd antibody can detect 

it even in 3 µg total protein. 

 Previous studies showing PTPRD tumor suppressor activities in other cancer 

types are in concordance with our results which suggests PTPRD as a tumor 

suppressor gene in HCC for the first time. To improve this suggestion, functional 

studies should be performed. 

5.3. MDM2 

 Given the importance of the p53 pathway in HCC development, it is of 

interest to investigate the potential impact of the SNP309 genotype on its own and in 

combination with TP53 mutation status in hepatocellular carcinomas. Here, we 

analyzed two genetic alterations, one of which is somatic and another of which is 

germline: TP53 mutations and SNP309 polymorphism. We evaluated dominant and 
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additive models (G/G and G/T genotypes together) because Bond et al. showed a two 

fold increase in the MDM2 protein for cell lines with the heterozygous (G/T) 

genotype and a fourfold increase for cell lines with the homozygous variant (SNP309 

G/G) genotype (Bond G.L. et al., 2004). 

 Our study provides evidence for an inverse association between the presence 

of the SNP309 mutant genotype and TP53 mutation in HCC patients. However 4% 

of our HCC population displayed TP53 mutations despite having SNP309G allele. 

The presence of the TP53 mutations in these samples could at least partly be 

explained by direct affect of known and unknown environmental factors in the 

etiology of these four HCC samples. Indeed, one of these patients displays G> T 

mutation in codon 249 of TP53, which is strongly associated with diatery aflatoxin 

B1 intake (Ozturk M., 1999; Puisieux A. and Ozturk M., 1997). 

 Given the functional role of SNP309 in the inhibition of the p53 pathway, the 

mutant genotype of this SNP may be functionally equivalent to the inactivating TP53 

mutations in hepatocarcinogenesis. In fact, numerous studies have shown that 

overexpression of MDM2 is an important event in carcinogenesis; in addition, 

MDM2 amplification occurs mostly in the absence of TP53 mutation, supporting the 

concept that MDM2 amplification and TP53 mutation are alternative mechanisms of 

p53 dysfunction (Oliner J.D. et al., 1993; Momand J. et al., 1998; Reifenberger G. et 

al., 1993). In agreement with our hypothesis, a recent study shows that invasive 

bladder cancer patients with wild-type SNP309 (T/T) were prone to displaying p53 

mutations (Sanchez-Carbayo M. et al., 2007). 

 On the other hand, our study also provides evidence that the p53 pathway was 

disrupted either by TP53 mutation or the SNP309 G allele in 68/99 HCCs (68%). 

Thus, the p53 pathway may be more frequently altered in HCCs than previously 

thought. Previous studies proposed that high levels of MDM2 resulting from the 

SNP309 G allele and just one wild-type p53 allele in Li-Fraumeni patients produce a 

severely weakened p53 tumor suppressor pathway, resulting in a higher mutation 

rate, poorer DNA repair processes and reduced apoptosis, which lead to faster and 

more frequent tumor formation (Bond G.L. et al., 2004 ; Bond G.L. et al., 2005). 

Because the G genotype might substitute the need for TP53 gene mutation or weaken 
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the p53 tumor suppressor pathway,we suggest that this genotype may contribute to 

hepatocellular carcinoma risk. Because of lack of healthy control samples in 

corresponding ethnic groups or countries, we were not able to test this hypothesis 

with a case–control study. However, in a recent study, Dharel et al. reported that 

SNP309 is associated with the presence of hepatocellular carcinoma in Japanese 

patients with chronic hepatitisC[22]. In concordance with the study by Dharel et al., 

two recent studies indicated an association between the G genotype and risk for 

hepatocellular carcinoma in Moroccan and Korean patients with chronic hepatitis B 

infections (Ezzikouri S. et al., 2009; Yoon Y.J. et al. 2008). 

 Our study, together with the studies by Dharel et al., Yoon et al. and 

Ezzikouri et al., infers that the variations in HCC development not only depend on 

somatic mutations occurring in the tumor itself but also host genetic factors. 

Although additional work is necessary to confirm, these findings may raise the 

possibility that the high prevalence of HCC in some geographical regions, in addition 

to environmental factors, could be partly due to the high frequency of SNP309 G 

alleles in the people of these regions. For further information please see our 

published article (Acun T., et al. 2010). 

5.4. RAS/RAF/MAPK Pathway 

  
 The MEK/ERK pathway is the best known MAPK pathways, having a key 

role in cell proliferation, and is known to be deregulated in approximately one-third 

of all human cancers (Figure 1.5.1) (Dhillon A.S. et al., 2007). Activating RAS 

mutations occur in ~30% of human cancers. RAS mutations were described in many 

cancer types suchas pancreas (90%), thyroid (60%), lung adenocarcinoma (non-small 

cell) (35%), liver (30%) and acute myelogenous leukemia (30%) (Schubbert S. et al., 

2007). 

 BRAF, was shown to be mutated mostly in melanoma (66%) and colorectal 

cancer (12%) (Davies H. et al., 2002; Dhillon A.S. et al., 2007; Downward J., 2003). 

Activating BRAF mis-sense mutation (V599E) in SkHep1 cell line and in 1 out of 53 

HCC samples were described by Banu Sürücü from our group. This mutation was 



 164 

within the kinase domain and accounting for 80% in all BRAF mutations (Davies H. 

et al., 2002). 

 In contrast to RAS and BRAF, MEK1 and MEK2 mutations have not been 

reported in cancer or in any other human disease (Schubbert S. et al., 2007; 

Greenman C. et al., 2007). Mutation analysis of the MEK1 (MAP2K1) , MEK2 

(MAP2K2), ERK1 (MAPK3) and ERK2 (MAPK1) genes in 14 HCC cell lines 

revealed no mutations (Figure 4.4.1). 

 PTP�11 (SHP2) was previously shown to have mutations described in 

noonan syndrome (NS), clinically related leopard syndrome (LS) and leukemia 

(Tartaglia M. et al., 2006), which are accumulated on exon 3,4,7,8,12 and 13. These 

exons were analysed first but no mutations were described in these exons in 14 HCC 

cell lines (Figure 4.4.2). But, mutation analysis was extended to remaining exons, as 

there might be some mutations specific for HCC.  

 As no mutation was found in HCC cell lines for the genes MEK1 (MAP2K1), 

MEK2 (MAP2K2), ERK1 (MAPK3), ERK2 (MAPK1) and PTP�11 (SHP2), mutation 

analysis was not extended to HCC samples. Epigenetic and genetic analysis of the 

remaining genes in the RAS/RAF/MAPK pathway should be performed to enlighten 

the role of this pathway in the hepatocarcinogenesis. 

 

5.5. Chromosome 11q13 (FBXL11, PTPRCAP) 

5.5.1 FBXL11 

 FBXL11 is located in the region chromosome 11q13, which had been shown 

to be amplified in some cancer types including, bladder, esophageal, lung, 

hepatocellular carcinoma, breast and head and neck cancer (Zhang Y.J. et al., 1993; 

Schuuring E., 1995; Huang X. et al., 2002; Tanigami A. et al., 1992). On the other 

hand significant down regulation was shown in prostate carcinomas compared to 

normal prostate tissue which indicates its possible tumor suppressor role in 

tumorogenesis (Frescas D. et al., 2008).   
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 Also, many JmjC group of histone demethylases (like FBXL11) were 

regarded as candidate tumor suppressors and many of them shown to involved in 

senescence, cancer and some diseases such as; acute myeloid leukemia (AML), 

prostate cancer, squamous cell carcinoma, schizophrenia, congenital heart disease 

(CHD), multiple self-healing squamosus epitheloma (ESS1), arthricia with popular 

lesion (APL), alopecia universalis congenital (AUC), intractable epilepsy (IE), X-

linked mental retardation (XLMR) (Cloos P.A.C. et al. 2008). 

 Our results showed that, FBXL11 mRNA is expressed almost all HCC cell 

lines except Hep3B, SkHep1 and Snu182 cell lines (Figure 4.5.1). According to 

SANGER copy number analysis of chromosome 11, in Snu387 and Snu475 HCC 

cell lines, there is a high level of amplification at the region containing FBXL11 gene 

(Figure 1.6.3). But, the results of quantitative real-time RT-PCR and western blot 

analysis of Snu475 and Snu387 cell lines was not support the data from SANGER 

database (Figure 4.5.1, Figure 4.5.2 respectively). Actually, FBXL11 protein was 

shown to localized at the nucleolus where it binds ribosomal DNA repeats to inhibit 

the expression of ribosomal RNAs. (Tanaka Y. et al., 2010; Frescas D. et al., 2008). 

So, total cell lysates used in the western blot experiment might not reflect the actual 

protein level of FBXL11 in the cell. 

 FBXL11 mRNA expression was also analysed in clinical HCC samples by 

quantitative real-time RT-PCR (Figure 4.5.3). We observed significantly reduced 

FBXL11 mRNA expression in 18 of 23 (78.3%) primary HCCs, compared with eight 

normal liver tissues from the same panel as calculated by the student's t-test (P 

value=0,0043) (Figure 4.5.4). Our findings support the notion that FBXL11 might 

have a tumor suppressor role in the HCC tumorogenesis. But, this argument should 

be validated in-vitro and in vivo with the functional studies. 

5.5.2 PTPRCAP 

 
 PTPRCAP is a transmembrane protein that enhance the phosphatase activity 

of PTPRC. PTPRC is known as an activator of Src family kinases (SFKs) which are 

implicated in tumor progression and metastasis (Kitamura K. et al., 1995; Motoya S. 
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et al., 1999; Veillette A. et al., 1999; Takeda A. et al., 2004; Ju H. et al., 2009; 

Penninger J.M. et al., 2001; Summy J.M. and Gallick G.E., 2003; Barraclough J. et 

al., 2007). Increased expression of PTPRCAP is associated with susceptibility to 

diffuse-type gastric cancer (Ju H. et al., 2009). Also, high level amplification in the 

region 11q13 containing PTPRCAP gene in Snu475 and Snu387 HCC cell lines was 

shown at SANGER CONAN database (Figure 1.6.3). 

 According to our results, 9 out of 14 HCC cell lines have high level of 

PTPRCAP mRNA (Figure 4.5.5). PTPRCAP mRNA expression was also analysed in 

clinical HCC samples by quantitative real time RT-PCR (Figure 4.5.6). We observed 

high PTPRCAP mRNA expression in 12 of 23 (52,1%) primary HCCs, compared 

with eight normal liver tissues from the same panel. Together with the copy number 

analysis (CONAN) data and our real-time RT-PCR results of HCC samples, 

indicates PTPRCAP as a candidate oncogene. Functional studies should be done and 

PTPRCAP expression at the protein level should be checked in the tumor samples by 

either IHC or western in order to strengthen its possible oncogenic role in 

hepatocarcinogenesis. 

5.6. Chromosome 13q12 (TUBA3C,Z�F198,TPTE2) 

5.6.1 TUBA3C 

 13q12.11 region was found to be homozygously deleted in two HCC cell 

lines, Huh7 and SkHep1 (Kubilay Demir, MSc). This 1.5 MB deletion region was 

previously shown in HCC and other cancer types including colon cancer, esophageal 

squamous-cell carcinoma and non-small-cell lung cancer (Chen C.F. et al., 2005; 

Tamura et al., 1997; Li G. et al., 2001; Li SP. et al., 2001; Sivarajasingham et al., 

2003; Zhang X. et al., 1994) (Figure 1.7.1). There are more than 37 identified 

transcripts in this region, 18 are the known genes and 19 are the annotated 

transcripts. LATS2, TG737, CRYL1, and GJB2 were shown to be downreguleted in 

14%, 59%, 64% and 71% of HCC tissues, respectively (Chen C.F. et al., 2005). 

 There are few studies showing TUBA3C role in cancer development but 

upregulation of TUBA3C in metastaitic prostate tumor tissue was shown compare to 
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localized prostate tumor tissue (Vila A.M.et al., 2010) and according to Affymetrix 

GeneChips HG-U95A-E and HG-U133A GNF data, TUBA3C expression is high in 

liver cancer compare to normal liver (Su AI et al., 2004).  

 Our fine mapping study of the 13q12.11 region in 14 HCC cell lines revealed 

that TUBA3C is deleted in both Huh7 and SkHep1 cell lines (Figure 4.6.1, Figure 

4.6.2). According to our real-time analysis, 4 out of 14 HCC cell lines; Focus, 

Hep40, Mahlavu, Snu475, have TUBA3C mRNA (Figure 4.6.3; Figure 4.6.4). 

TUBA3C mRNA expression was also analysed in clinical HCC samples by 

quantitative real time RT-PCR analysis. Only six primary HCC samples and one 

normal sample showed TUBA3C mRNA expression in total of 48 samples (Figure 

4.6.5). 

 Genetic analysis of TUBA3C in all HCC cell lines (except Huh7 and SkHep1) 

revealed one mutation (S38N) in Mahlavu cell line (Figure 4.6.6). Some silent 

mutations were also found (data not shown). 

 Possible epigenetic regualation on the TUBA3C mRNA expression was also 

investigated. 5-AzaC and TSA treatments was restored the TUBA3C mRNA 

expression in PLC, HepG2 and Hep3B HCC cell lines (Figure 4.6.7, Figure 4.6.8). 

 Homozygous deletion in 2 out of 14 HCC cell lines together with epigenetic 

regulation of its mRNA expression suggest a possible tumor suppressor role of 

TUBA3C in hepatocarcinogenesis. NATs and miRNAs might also contribute the 

regulation of TUBA3C mRNA expression. Functional studies should be perfomed to 

prove this suggestion. 

5.6.2 Z�F198 (ZMYM2) 

 Z�F198 (ZMYM2) was previously shown to be located in deleted region 

13q12. Our fine mapping study was also confirmed this deletion in SkHep1 cell line 

(Figure 4.6.1). Z�F198 mRNA expression in HCC cell lines was analysed by semi-

quantitative RT-PCR. All HCC cell lines, except SkHep1 cell line, were shown to 

express Z�F198 mRNA at different levels (Figure 4.6.9). Genetic analysis of 

Z�F198 gene revealed no somatic mutation in 13 HCC cell lines. Our results 

indicate that Z�F198 seems not involved in hepatocarcinogensis. 
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5.6.3 TPTE2 

 TPTE2 mRNA expression pattern was analysed in 14 HCC cell lines (Figure 

4.6.10). Only Hep40, Huh7 and PLC have TPTE2 mRNA expression among other 11 

HCC cell lines. SkHep1 did not express TPTE2 as it is deleted in this cell line. 

TPTE2 mRNA expression was low in 18 of 23 (78,2%) primary HCCs, compared to 

eight normal liver tissues from the same panel (Figure 4.6.12). Being located in 

homozygously deleted region, being a homolog of PTE� tumor suppressor, 

downregulation in both HCC cell lines and HCC samples make TPTE2 gene a strong 

tumor suppressor candidate. In order to better understand the role of TPTE2 in HCC 

progression, western and IHC studies should be done in clinical samples and 

functional studies should be performed. 

5.7. Chromosome 3p25.1 (IQSEC1) 

 IQSEC1 is located in a minimal deleted region on 3p25.1 according to SNP 

analysis. It is a specific Guanine Exchange Factor (GEF) for ARF6. ARF6 induces 

invasion and metastasis through its effector Amap1 (Figure 1.8.1).  There are reports 

showing high expression of IQSEC1, ARF6 and AMAP1 in malignant breast tumor 

(Sabe H. et al., 2009). Also inhibition of IQSEC1 expression shown to significantly 

reduces the metastasis of lung tumor cells in mice (Valderrama F. et al., 2008; 

Morishige M. et al., 2008). On the other hand, it is postulated in Someya’s study that 

IQSEC1 may serve a positive regulator in TNF-α mediated apoptosis (Someya A. et 

al., 2006). Sanger copy number analysis of chromosome 3 in SkHep1 cell line shows 

homozygous deleted region, containing IQSEC1 gene (Figure 1.8.2). According to 

our real-time analysis,  HepG2, PLC, SkHep1 and Snu475 cell lines have almost no 

IQSEC1 expression (Figure 4.7.1). IQSEC1 mRNA expression was also analysed in 

clinical HCC samples (Figure 4.7.2). We observed low IQSEC1 mRNA expression 

in 16 of 23 (69,5%) primary HCCs, compared with eight normal liver tissues from 

the same panel. 

 Although there are conflicted studies about the role of IQSEC1 in cancer 

development or metastasis, in the case of HCC, IQSEC1 may act as a tumor 
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suppressor. It is deleted in SkHep1 HCC cell line and downregulated 69,5% of 

primary HCCs compare to normals.  

5.8. Chromosome 14q13.3 (MIPOL1) 

 MIPOL1 is located at a 14q13 breakpoint of t(2;14) and MIPOL1-DGKB 

gene fusion was showed in the prostate cancer cell line, LNCAP (Maher C.A. et al., 

2009). MIPOL1 might be serve as a tumor suppressor in nasopharyngeal carcinoma 

(NPC) (Cheung A.K.L. et al., 2009) as all NPC cell lines have reduced levels of 

MIPOL1 and in 63% of NPC tumors via promoter hypermethylation and allelic loss. 

Tumor suppression effect is involved the up-regulation of the p21 and p27 protein 

pathways (Cheung A.K.L. et al., 2009). 

 In the case of hepatocarcinoma, homozygous deletion was shown in PLC 

HCC cell line in SANGER database (Figure 1.9.1). Also copy number analysis at the 

SANGER (CONAN) showed that HLE, PLC and SkHep1 HCC cell lines have LOH 

in the region containing MIPOL1 gene (Figure 1.9.2). There is still no information 

about MIPOL1 gene regulation in HCC. According to our real-time analysis, Snu398 

and Snu449 have high MIPOL1 mRNA expression (Figure 4.8.1). 

 MIPOL1 expression was also checked at the protein level (Figure 4.8.2). 

HepG2, Snu475, Snu387 and Hep3B was in concordance with the real-time results 

except PLC. Although PLC was previously shown to be reside in the homozygous 

deletion region (Figure 1.9.1), western results showed MIPOL1 protein in PLC cell 

line. This deletion was between 36,887,100-37,030,900 bp (143.800 bp) and result in 

~67 aminoacid loss in protein (Figure 4.8.3).  

 MIPOL1 mRNA expression was also analysed in clinical HCC samples and 

low MIPOL1 mRNA expression in 12 of 23 (52,17%) primary HCCs and high 

MIPOL1 mRNA expression in 11 of 23 (47,8%) primary HCCs compared with eight 

normal liver tissues (Figure 4.8.4, Figure 4.8.5). Although the results was not 

significant in the HCC samples, being reside in a deleted region, reduced mRNA 

expression in HCC cell lines and primary HCC samples make MIPOL1 is a candidate 

tumor suppessor in hepatocarcinoma. 
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5.9. Chromosome 10q24 (CHUK) 

 CHUK is a part of an enzyme complex called IKK (IκB kinase) involved in 

the NF-κB activation. In previous studies, CHUK was identified as a tumor 

suppressor in squamous cell carcinoma (SCC) (Liu B, et al., 2006). Epigenetic 

inactivation of CHUK was also shown in oral carcinomas (Maeda G. et al., 2007). 

Copy number analysis of chromosome 10 in PLC and Snu475 HCC cell lines 

revealed LOH in the region containing CHUK gene (Figure 1.10.2). 

       We observed low CHUK mRNA expression in 14 of 23 (60,86%) primary 

HCCs, compared with eight normal liver tissues from the same panel. These findings 

together with the previous studies on genetic regulation and copy number analysis of 

CHUK, suggested CHUK as a tumor suppressor. 

5.10. Chromosome 1q21 (MCL1) 

 MCL1 is a member of the BCL2 (B-cell lymphoma 2) gene family. Members 

of this family categorized as oncogenes. They either facilitate cell survival (pro-

survival Bcl-2 subfamily) or promote cell death (Bax and Bcl-2 homologous 3 

subfamilies) (Adams J.M. and Cory S., 1998; Danial N.N. and Korsmeyer S.J., 2004) 

(Figure 1.11.1).   

 There are conflicted arguments about the role of MCL1 in cancer. It was 

shown that MCL1 was not only inhibit apoptosis but also inhibit cell cycle 

progression in the S-phase through its interaction with PCNA (proliferating cell 

nuclear antigen). There are not much studies showing MCL1 role in liver. But one 

recent study showed that, MCL1 inhibition through overactivation of the MEK/ERK 

pathway result in resistance to TGF-B–induced cell death in liver cells (Caja L. et al., 

2009). 

 According to our analysis, almost all HCC cell lines shown to express MCL1 

mRNA except Snu423 (Figure 4.10.1). Western blot analysis of MCL1 expression 

was also confirmed the mRNA expression. MCL1 mRNA expression was 

significantly reduced in 21 of 23 (91,30%) primary HCC samples compare to 

normals from the same panel as calculated by the student's t-test (P value=0.011). 
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(Figure 4.10.3, Figure 4.10.4).  In the light of these results, it can be concluded that 

MCL1 may serve as a tumor suppressor role in liver cancer progression. 

5.11. Chromosome 7q21 (MAGI-2) 

 MAGI-2 is located on chromosome 7q21, a region that was shown to be 

deleted in prostate cancer, glioblastoma and uterine leiomyomas (Ishwad C.S. et al., 

1995; Cui J. et al., 1998; Kim D.H. et al., 1995). In SANGER CONAN Database, 

homozygous deletion of this region was also described in HUH-6 cell line (Figure 

1.12.1). Also, same database revealed LOH in the same region in HLE and HUH-6 

HCC cell lines (Figure 1.12.2).  

 MAGI-2 is a multidomain scaffolding protein involved in assembling and 

anchoring of several cellular signaling proteins such as β-catenin, Atrophin-1, 

NMDA glutamate receptors, β1-adrenergic receptor, neuroligins-1, NPRAP/δ-

catenin, MAGUIN-1, nRAP-GEP, SAPAP and PTEN. There are few studies 

showing MAGI-2 role in the hepatocarcinogenesis possibly due to its expression 

mainly in neuronal cells (Xu J.G. et al., 2001). But, Yali H. et al. study showed that 

MAGI-2 enhanced the stability of PTEN tumor suppressor protein which result in 

inhibition of cell migration and proliferation in human hepatocarcinoma cells (Yali 

H. et al., 2007). Yali H. et al. also showed its expression in SMMC-7721 HCC cell 

line among eight cell lines tested (SMMC-7721, MHCC-97H, BEL-7404, HepG2, 

Huh7, LM6, 7402, Chang).  

 According to our real-time and multiplex semi-quantitative RT-PCR analysis, 

MAGI-2 mRNA expression was low in 7 out of 14 cell lines (50%).                      

Also, significantly reduced level of MAGI-2 mRNA expression was observed in 22 

of 23 (95,65%) primary HCCs, compared with eight normal liver tissues from the 

same panel as calculated by the student's t-test (P value=0.002). According to these 

results, MAGI-2 can be suggested as a tumor supressor in the progression of 

hepatocarcinogenesis. But, IHC studies in clinical liver tissues and functional studies 

in HCC cell lines could give a better view about the role of  MAGI-2. 
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CHAPTER 6 
 
 

CO�CLUSIO� 

 Tumor suppressor role of SIP1 was already suggested and our study 

strengthen this argument since all HCCs displayed no or reduced SIP1 protein and 

also explained the mechanism behind silencing which is not genetic but epigenetic in 

HCCs.  

 PTPRD, a novel tumor suppressor gene deleted and epigenetically 

downregulated in a subset of HCCs thus probably involved in hepatocarcinogenesis.   

 According to our results, among other candidates; FBXL11, TUBA3C, 

TPTE2, IQSEC1, MIPOL1, CHUK, MCL1, MAGI-2 and PTPRCAP genes are 

involved in hepatocarcinogenesis. 

 Mutations of RAS/RAF/MAPK pathway genes; MEK1 (MAP2K1), MEK2 

(MAP2K2), ERK1 (MAPK3), ERK2 (MAPK1) and PTP�11 (SHP2), are not involved 

in hepatocarcinogenesis. 

 Our SNP (MDM2-SNP309) study reveals a mechanism alternative to TP53 

inactivating mutations in hepatocarcinogenesis. This finding raise the possibility that 

the high prevalence of HCC in some geographical regions, in addition to 

environmental factors, could be partly due to the high frequency of SNP309 G alleles 

in the people of these regions. 
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a b s t r a c t

Loss of function of the p53 protein, which may occur through a range of molecular events, is critical in
hepatocellular carcinoma (HCC) evolution. MDM2, an oncogene, acts as a major regulator of the p53 pro-
tein. A polymorphism in the MDM2 promoter, SNP309 (T/G), has been shown to alter protein expression
and may thus play a role in carcinogenesis. MDM2 SNP309 is also associated with HCC. However, the
role of SNP309 in hepatocarcinogenesis with respect to TP53 mutations is unknown. In this study, we
investigated the distribution of the MDM2 SNP309 genotype and somatic TP53 (the p53 tumor suppres-
sor gene) mutations in 99 human HCC samples from Africa, Europe, China and Japan. Samples exhibited
striking geographical differences in their distribution of SNP309 genotypes. The frequency and spectrum
of p53 mutations also varied geographically; TP53 mutations were frequent in Africa, where the SNP309
T/T genotype predominated but were rare in Europe and Japan, where the SNP309 G allele was present
olymorphism more frequently.
TP53 mutations were detected in 18% (4/22) of SNP309 T/G and G/G and 82% (18/22) of SNP309 T/T

genotype holders; this difference was statistically highly significant (P-value = 0.0006).
Our results indicated that the presence of the SNP309 G allele is inversely associated with the presence

of somatic TP53 mutations because they only coincided in 4% of HCC cases. This finding suggests that the
ction
e for d
SNP309 G allele may fun
may be partly responsibl

. Introduction

Hepatocellular carcinoma (HCC), the most common liver malig-
ancy, is among the five leading causes of cancer death in the
orld. The incidence of HCC varies greatly worldwide, depending

n the distribution of well-known environmental risk factors such
s hepatitis B virus (HBV) and hepatitis C virus (HCV) infections
nd dietary exposure to aflatoxins [1]. HCC is thought to be mainly
n environmental disease; however, not all individuals with expo-
ure to risk factors develop cancer even over the long term. On the
ther hand, familial clustering and early onset of HCCs in some pop-
lations suggest an inherited genetic predisposition to liver cancer
2]. Germline polymorphisms of several genes have been studied
s potential risk factors for HCCs [3–5]. However, the pathogen-

sis of human HCC is a multistage process with the involvement
f a series of genes, including oncogenes and tumor suppressor
enes; germline polymorphisms of these genes may also determine
ndividual susceptibility to HCC.

∗ Corresponding author. Tel.: +90 3122902138; fax: +90 3122665097.
E-mail address: yakicier@fen.bilkent.edu.tr (M.C. Yakicier).

027-5107/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.mrfmmm.2009.11.008
ally replace p53 mutations, and in addition to known etiological factors,
ifferential HCC prevalence.

© 2009 Elsevier B.V. All rights reserved.

The p53 tumor suppressor gene (TP53) is of critical importance
for regulating cell cycles and maintaining genomic integrity. TP53
also is a common target for inactivation during liver carcinogenesis.
Although this inactivation may be largely due to mutations in the
p53 gene, recent evidence suggests that other mechanisms may
be involved in p53 inactivation. For instance, the hepatitis B virus-
encoded X antigen (HBxAg) binds to and inactivates wild-type p53
[6,7]. Interaction of p53 with a cellular oncoprotein, MDM2, also
inactivates p53, via increasing its degradation and/or blocking p53
transcriptional activation [8–10].

In a recent study, a functional single nucleotide polymorphism
at nucleotide 309 (T > G) in the promoter region of MDM2 has been
reported. Interestingly, cells with the 309 G/G genotype have an
enhanced affinity to bind stimulatory protein Sp1 and also show
heightened MDM2 expression and a significant attenuation of the
p53 pathway compared with those carrying the 309 T/T genotype
[11]. Furthermore, SNP309 has been shown to be associated with

earlier age of onset of certain hereditary and sporadic cancers in
humans [11,12].

In this study, we investigated the distribution of the SNP309
genotype in 99 human HCCs that were previously characterized for
TP53 alterations from HCC endemic and rare geographical areas.

http://www.sciencedirect.com/science/journal/00275107
http://www.elsevier.com/locate/molmut
http://www.elsevier.com/locate/mutres
mailto:yakicier@fen.bilkent.edu.tr
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Table 1
Distribution of P53 mutations and SNP309 genotypes in HCC samples from different geographical regions and Hardy–Weinberg equilibrium states of MDM2 genotypes.

Samples P53 Mut. SNP309 genotypes Hardy–Weinberg Equilibrium

T/T T/G G/G p q Chi-square P-value

Africa (n = 33) 11 (33%) 31 2 0 0.97 0.03 0.03 1
Japan (n = 13) 1 (8%) 0 10 3 0.38 0.62 5.08 0.08
China (n = 21) 5 (23%) 7 3 11 0.40 0.60 10.39 0.001
Europe (n = 32) 5 (16%) 11 16 5 0.59 0.41 0.04 1

Total (n = 99) 22 (22%) 49 31 19 0.65 0.35 9.54 0.0015

Mut, mutations; p and q refer to allele frequencies of T and G, respectively.

Table 2
Inverse relationship between p53 mutation and SNP309 G genotype of MDM2 gene in all HCC samples and without African samples.

Genotype Frequency OR (95%CI) P-value

T/T T/G + G/G

All HCC samples p53 Wt 31 46 0.15 (0.03–0.52) 0.0006
p53 Mut 18 4
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African samples excluded p53 Wt 11
p53 Mut 7

t, wild-type; Mut, mutant; OR, odds-ratio; CI, confidence interval.

ur findings revealing the differential occurrence of the SNP309
enotype in mutant and wild-type p53 carriers enhance the under-
tanding of HCC aetiology in a multi-regional context.

. Materials and methods

We analyzed a total of 99 DNA samples (isolated from histologically confirmed
umor and nontumor liver tissue of the patients) from HCC patients living in differ-
nt geographical regions, including Mozambique (n = 16), South Africa (excluding
ozambique: n = 17), China (n = 21), Japan (n = 13), Europe (Germany, France, Spain,

urkey, Israel and USA: n = 32). Characteristics of these tumors and methods for DNA
solation have been described previously [13,14].

SNP309 (T/G) of MDM2 were genotyped using PCR amplification of the first
ntron of the MDM2, followed by MspA1I (Promega) digestion as described else-

here [15].
All statistical analyses were conducted using R functions in ‘genetics’ and

stats’ packages (http://www.r-project.org) [16,17]. Pearson’s Chi-squared test with
imulated P-value (based on 10,000 replicates) was applied to test whether the
opulations were in Hardy–Weinberg equilibrium with respect to MDM2 SNP309
olymorphism. The association between the P53 mutation status and the SNP309
enotypes was assessed using Fishers’ exact tests.

. Results

Ninety-nine samples with known p53 status (n = 99) were geno-
yped for SNP309. The observed genotypic frequency of SNP309 in
CC patients was distributed as 49% T/T genotype carriers (n = 49),
1% T/G genotype carriers (n = 31), and 19% G/G genotype carriers
n = 19).

Remarkable differences in the allele frequencies for each
NP309 genotype between patients from different geographical
egions were observed. The G allele was the most common in the
3 Japanese HCC patients (100%); three of them were homozygous
23%) and 10 of them (77%) were heterozygous (Table 1). Inter-
stingly, there was no wild-type SNP309 genotype carrier (T/T)
mong Japanese HCC patients (n = 13), although the Japanese pop-
lation was in HW equilibrium (P-value = 0.08). Contrastingly, 31
ut of 33 South African patients were wild-type for SNP309 (94%),
ut only two were heterozygous (6%), while there was no patient
ith the G/G genotype. Genotypic distributions of African and Euro-
ean populations did not exhibit HW disequilibrium (Table 1). The

llele frequencies were highly divergent between African and other
opulations in which G allele was frequent (Table 1).

Distribution of T/T and T/G − G/G genotypes together was sim-
lar between patients from two geographically distant regions:
hina and Europe [wild-type genotype frequency 33% (7/21) vs. 34%
44 0.15 (0.03–0.7) 0.0065
4

(11/32); mutant genotype frequency 67% (14/21) vs. 66% (21/32),
respectively]. However, heterozygote genotype frequency varied
drastically between Chinese and European HCC patients [15% (3/21)
vs. 50% (16/32)].

We then analyzed whether a significant correlation between the
TP53 mutation and SNP309 genotypes existed. Interestingly, 18 of
22 (82%) TP53 mutations were concentrated in 49 (37%) HCC cases
displaying the T/T genotype (Table 2). Among the 19 cases homozy-
gous for G/G, three of them had TP53 mutations (16%) and only one
of 31 cases of heterozygous T/G displayed somatic TP53 mutations
(3%) (Table 2). Considering both T/G and G/G genotypes together
(dominant model), only 4% of the 99 HCCs were positive for both
p53 gene mutation and the G genotype (Tables 1 and 2).

We next examined whether there was a statistical interaction
between the G genotype and TP53 mutations using Fisher’s exact
test. There was a highly significant inverse relationship between
the presence of TP53 mutation and the G allele (P-value, two-
sided = 0.0006; odds-ratio = 0.153; 95% CI = 0.03–0.52).

We next excluded African patients from the statistical analy-
sis to prevent the potential bias from the high percentage of p53
mutations and SNP309 wild-type genotype carriers in Africa. The
inverse relationship between the presence of TP53 mutation and
the G genotype was sustained (P-value, two-sided = 0.0065; odds-
ratio = 0.148; 95% CI = 0.03–0.7).

4. Discussion

Given the importance of the p53 pathway in HCC develop-
ment, it is of interest to investigate the potential impact of the
SNP309 genotype on its own and in combination with p53 muta-
tion status in hepatocellular carcinomas. Here, we analyzed two
genetic alterations, one of which is somatic and another of which is
germline: TP53 mutations and SNP309 polymorphism. We eval-
uated dominant and additive models (G/G and G/T genotypes
together) because Bond et al. showed a twofold increase in the
MDM2 protein for cell lines with the heterozygous (G/T) genotype
and a fourfold increase for cell lines with the homozygous variant

(SNP309 G/G) genotype [11].

Our study provides evidence for an inverse association between
the presence of the SNP309 mutant genotype and p53 mutation in
HCC patients. However 4% of our HCC population displayed TP53
mutations despite having SNP309 G allele. The presence of the TP53

http://www.r-project.org/
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utations in these samples could at least partly be explained by
irect affect of known and unknown environmental factors in the
tiology of these four HCC samples. Indeed, one of these patients
isplays G > T mutation in codon 249 of TP53, which is strongly
ssociated with diatery aflatoxin B1 intake [6,7].

Given the functional role of SNP309 in the inhibition of the p53
athway, the mutant genotype of this SNP may be functionally
quivalent to the inactivating p53 mutations in hepatocarcinogen-
sis. In fact, numerous studies have shown that overexpression of
DM2 is an important event in carcinogenesis; in addition, MDM2

mplification occurs mostly in the absence of p53 mutation, sup-
orting the concept that MDM2 amplification and p53 mutation are
lternative mechanisms of p53 dysfunction [8,18,19]. In agreement
ith our hypothesis, a recent study shows that invasive bladder

ancer patients with wild-type SNP309 (T/T) were prone to dis-
laying p53 mutations [20].

On the other hand, our study also provides evidence that the
53 pathway was disrupted either by p53 mutation or the SNP309
allele in 68/99 HCCs (68%). Thus, the p53 pathway may be more

requently altered in HCCs than previously thought.
Previous studies proposed that high levels of MDM2 resulting

rom the SNP309 G allele and just one wild-type p53 allele in
i-Fraumeni patients produce a severely weakened p53 tumor sup-
ressor pathway, resulting in a higher mutation rate, poorer DNA
epair processes and reduced apoptosis, which lead to faster and
ore frequent tumor formation [11,21]. Because the G genotype
ight substitute the need for p53 gene mutation or weaken the p53

umor suppressor pathway, we suggest that this genotype may con-
ribute to hepatocellular carcinoma risk. Because of lack of healthy
ontrol samples in corresponding ethnic groups or countries, we
ere not able to test this hypothesis with a case–control study.
owever, in a recent study, Dharel et al. reported that SNP309

s associated with the presence of hepatocellular carcinoma in
apanese patients with chronic hepatitis C [22]. In concordance with
he study by Dharel et al., two recent studies indicated an associa-
ion between the G genotype and risk for hepatocellular carcinoma
n Moroccan and Korean patients with chronic hepatitis B infections
23,24].

Our study, together with the studies by Dharel et al., Yoon et al.
nd Ezzikouri et al., infers that the variations in HCC development
ot only depend on somatic mutations occurring in the tumor itself
ut also host genetic factors. Although additional work is neces-
ary to confirm, these findings may raise the possibility that the
igh prevalence of HCC in some geographical regions, in addition
o environmental factors, could be partly due to the high frequency
f SNP309 G alleles in the people of these regions.
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