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1. INTRODUCTION 

1.1. The composition and function of cytoskeleton 

 
Cytoskeleton is the scaffolding of the cells which not only determines cellular 

shapes but also plays important roles in integration of organelles and subcellular structures 

in cytoplasm, protection from environmental stress, cell motility, division, signalling, 

regulation of cytoplasmic protein availability, and wound healing [70, 91]. It consists of 

the major cytoskeletal protein families which are microfilaments, intermediate filaments, 

and microtubules. Although their major functions overlap, they also differ in some of their 

features such as their distribution in the cytoplasm and nucleus, primary structure, 

architecture, solubility, and dynamics (see Table 1) [70, 91]. The cytoskeleton also 

participates in many tissue-specific functions. For example, in the gastrointestinal tract, it 

is involved in secretion, digestion, absorption, maintenance of cellular polarity and 

intracellular transport [70]. 

 

Table 1.1. General characteristic of the cytoskeleton* 

Properties Microfilaments  Microtubules 
Intermediate 
filaments 

Prototypical protein   α-, β-actin  α-, β-, γ-tubuline  Many (tissue specific)  
Filament diameter (nm)  5-8  25  10-12  

Structure Conserved Conserved 
Diverse (with 
conserved subdomains) 

Expression Eukaryote  Eukaryote  
Predominantly higher 
eukaryotes 

Solubility High (++++) High (++++) Low (+) 
Polarity Yes Yes No 
Intracellular 
localization 

Cytoplasm, nucleus Cytoplasm , nucleus 
Cytoplasm, nucleus 
(Lamins)  

Binding/ associated 
proteins 

Many (e.g. Myosin, 
Plectin, α-catenin) 

Many (e.g. Dynein, 
kinesin)  

Few known 

Phosphorylation Limited Limited Abundant 
Associated diseases Few known (cardiac) None Many 
Functions Many Many Few known 

Stabilizers  Phalloidin  Taxol  
Few, specificity 
unknown 

Destabilizers Cytochalasins  e.g. Colchicin 
Few, specificity 
unknown 

*Modified from [100] (Plectin: Cross-linker of microfilament-intermediate filaments and microtubule-
intermediate filaments; myosin has a function of contraction; α-catenin has a function of adhesion; 
dynein has a function of minus-directed vesicle/organelle transport, kinesin has a function of plus-
directed vesicle/organelle transport) 
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1.2. Intermediate filaments and their disease association 

 
Intermediate filaments (IFs) represent one of the largest gene families, comprising 

of 73 genes. Unlike microfilaments and microtubules, IFs are tissue/cell-type specifically 

expressed and differ due to their abundant distribution both in the cytoplasm and the 

nucleus. IFs are divided into 5 main groups and one orphan group (type VI, eye-lens 

proteins) based on their genomic structure and amino acid sequence homology (Table 1.2; 

intermediate filament types).  Among them, type I to IV are located in the cytoplasm and 

Type V (lamins) is in the nucleus.  

All individual IF proteins share the same prototypical structure that consists of 

three parts: i) a central helical “rod” domain that is separated by non-helical linkers L1 and 

L12, ii-iii) non-helical N-terminal “head” and C-terminal “tail” domains, as shown in Fig. 

1.1. The rod domain begins and ends with highly conserved sequence motifs which consist 

of 8-12 amino acids each. Any mutations in these motifs result in particularly severe 

disease phenotypes.  The rod domain is responsible for the polymerization of IF subunits. 

Head and tail domains modulate IF polymerizations, posttranslational modifications and 

mediate protein-protein interactions. They are also responsible for the structural 

heterogeneity and the resulting tissue-specific function, and regulation of different IFs [28, 

100, 138]. The L12 region of K18 contains a conserved caspase-cleavage site (VEVD) and 

the tail domain of K18 contains a unique DALD caspase-cleavage site (Figure 1.1). 

The basic soluble unit of all IF proteins is either noncovalent homo (e.g. vimentin, 

desmin) or heteropolymeric (e.g. keratins) tetramer consisting of two antiparallel dimers. 

Each keratin dimer comprises of type I and II keratin molecules (see Figure 1.1) and forms 

a filamentous network traversing the cytoplasm from the nucleus to the cell membrane. 

Intracellular keratin cytoskeletal filaments are attached to the cell membrane by 

desmosomes, which connect two cells together, or hemidesmosomes, which attach the cell 

to the extracellular matrix [37].   

The stable IF networks have a continuous modification and dynamic exchange of 

subunits so the cell can optimally adapt to the changing cell states. Soluble pool acts as a 

reservoir for renewal of the network [163].  
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Figure 1.1. Structure and posttranslational modifications of K8/18.  Schematic of 
Keratin 8 (K8) and Keratin 18 (K18) protein domains with  a central α-helical “rod” 
domain which is flanked by N-terminal “head” and C-terminal “tail” domains. The rod 
sub-domains 1A, 1B and 2 are separated by non-helical linker L1 and L12 short regions. 
The L12 region and tail domain of K18 (but not K8) contain conserved caspase-cleavage 
sites, respectively VEVD and DALD. Phosphorylation and glycosylation occur it the 
head and/or tail domains of keratins. 

 

Mutations in IFs can affect cell and tissue integrity. Due to the tissue-specific 

expression of the genes encoding intermediate filaments, the intermediate filament-

associated diseases display a characteristic tissue distribution exhibit disease-associated 

phenotypes ([12, 96], www.interfil.org). Up to date, more than 90 different human diseases 

were associated with inherited IF-mutations and the list is still growing (www.interfil.org, 

[142]). These disorders include skin diseases such as Epidermolysis bullosa simplex (EBS) 

(K5, K14) and Epidermolytic hyperkeratosis (K1, K10), hearth disorders (desmin), 

neurological disorders (mutation on neurofilaments) such as Charlot-Marie-Tooth disease. 

Mutations in lamins received particular attention and can lead to a variety of symptoms 

including premature aging (Hutchinson-Gilford Progeria), muscular dystrophy and 

lipodystrophy. Of note, some IF variants were described to predispose to a disease 

development rather than to cause a disease progress (Table 1.2: associated human diseases) 

[36, 47, 93, 96, 118]. 

 

 

 

 

http://www.interfil.org/�
http://www.interfil.org/�
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Table 1.2: Intermediate filaments and associated human diseases 
 

IF 
Type 

Name 
Size 

(kDa) 
# of  

genes 
Chr.* 

Cell or tissue  
distribution 

Associated human 
diseases 

Cytoplasmic      

I 
Keratin   
(acidic)  

40-64 28  17  

Epithelium  
(keratins 9-20)  
(except keratin 18) 
Hair (keratins Ha 1–Ha8) 

II 
Keratin  
(basic)  

52-68 26  12  
Epithelium  
(keratins 1-8, keratin 18) 
Hair (keratins Hb 1–Hb6) 

Include (for type I and II 
IFs): skin diseases 
(Epidermolysis bullosa 
simplex, palmoplantar 
keratoderma) ; 
monilethrix; risk factor for 
end-stage liver disease 
(Cryptogenic cirrhosis, 
ALF). 

Vimentin  55 1  10  
Mesenchymal cells, endothelia, 
leukocytes, and lens 

Cataract 

Desmin  53 1  2  Muscles Cardiomyopathy 

Glial fibrillary 
acidic protein 
(GFAP) 

52 1  17  
Astrocytes, intestinal glia cells, 
hepatic stellate cells 

Alexander disease 

Peripherin  54 1  12  Peripheral neurons 
Amyotrophic lateral 
sclerosis 

III 

Syncoilin  54 1  1  
Muscle (mainly 
skeletal/cardiac) 

Unknown 

61 
(light) 

1  8  
Axonal Charlot–Marie–
Tooth disease 

90  
(medium) 

1  8  Unknown Neurofilaments 

110  
(heavy) 

1  22  

Central and peripheral neurons 

Amyotrophic lateral 
sclerosis (sporadic form) 

α-Internexin  61 1  10  Central and peripheral neurons Unknown 

Nestin  240 1  1  Neuroepithelial Unknown 

IV 

Synemin  
180(α),  
150 (β) 

1  15  All muscle Unknown 

Nuclear      

Lamins A/C  62-78 1  1  

V 
 

Lamin B1/B2  62-78 1/1 5/19 

Nuclear lamina 

More than 12 
laminopathies 
(lipodystrophy, 
muscular dystrophy, 
Hutchinson–Gilford 
progeria cardiomyopathy, 
restrictive dermatopathy, 
mandibuloacral dysplasia, 
leukodystrophy, atypical 
Werner’s syndrome,; 
Charcot–Marie–Tooth 
Disease (type 2B1)). 

Other- Orphan      

Phakinin (CP49)  46 1  3  
Congenital and juvenile-
onset cataracts  

Filensin (CP115)  83 1  20  
Lens fiber cells 

Unknown 

*Chr.: Chromosome 
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1.3. Keratins  

 

Keratins (KRT genes, K proteins) are the largest IF sub-family consisting of 54 out 

of 73 IF genes and represent the IFs of epithelial cells. Keratins are highly abundant 

proteins which can make >10% of the total protein in the cell (Table 1.2) [90, 99, 121]. 

Keratins are subdivided into two main groups based on the biochemical features, Type I 

(K9-K28) and Type II (including K1-K8 and K71-K80) keratins which are both required to 

form obligate heteropolymers (Figure 1.1, 1.2, Table 1.3). All type I keratins (except 

KRT18) are located at chromosome 17q12-q21 whereas type II keratins and KRT18 are 

located at chromosome 12q13. Based on their expression profile, they are sub-divided into 

three groups: i) Simple keratins of single-layered epithelia (e.g. K8/K18, K20), ii) Barrier 

(keratinocyte) keratins of stratified epithelia (K5/K14, K1/K10, K3/K12, K4/K13, 

K6a/K16, K6b/K17, K19 etc.), and iii) Keratins of hair, and other skin appendages 

(www.interfil.org, [138]). In simple epithelia, as found in the gastrointestinal tract, liver, 

and exocrine pancreas all cells contain the K8/18 pair as the major IFs while some of them 

additionally express keratins 7, 19, 20 and 23 (Table 1.3). However, in adult hepatocytes 

K8 and K18 are the only cytoplasmic IFs that are expressed under normal conditions and 

their primary function is to protect the cells from mechanical and non-mechanical stresses 

[21, 101]. Because of this simple keratin composition, any alteration in K8/K18 results in a 

predominant liver phenotype. Therefore, adult hepatocytes represent a unique tool to study 

the importance of simple epithelial keratins in health and diseases.  

 

1.4. Function of keratins 

 

The dynamic nature of IF proteins and their tissue-specific expression suggest that 

they are likely to play important cellular functions. There are several established and 

emerging functions of IFs which include a role in signal transduction, cholesterol transport, 

functions related to mitochondria (probably contributing to protection from apoptosis), 

regulation of nuclear architecture and gene expression, protein targeting, protein synthesis, 

as well as cell migration, and cytoprotection from mechanical (e.g., skin rubbing in 

patients with EBS) and non-mechanical forms of stress (e.g., oxidative, chemical and 

apoptosis-triggering stresses) [94, 102, 152].  

http://www.interfil.org/�
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In addition to their role in structural integrity, keratins were also implicated in 

organelle trafficking, and immune response [22, 47-48, 67, 82, 85, 153, 157, 163]. Due to 

their broad cytoprotective function, keratins were speculated to constitute chaperone-like 

proteins [152]. Keratins are also important organizers of cellular architecture which co-

determines localization of associated proteins, organelles such as mitochondria or Golgi 

apparatus and serve as signalling platforms for various kinases/phosphatases (e.g., hsp72, 

14-3-3 proteins, Fas receptor, protein phosphatase 2A). Due to their abundant 

phosphorylation, keratins serve as a phosphate “sponge” protecting the cells from the 

damaging function of stress-activated kinases formation of multi-resistance to drugs [60, 

99, 157]. Keratins are not only stress-protective, but also stress-inducible proteins and 

increased keratin expression can serve as a marker of cellular stress [133, 152].  

The complexity of keratin function is highlighted by the fact that it is pathway and 

cell type-specific. For example K18 protects from Fas-, but not Tumour necrosis factor- α 

(TNF-α)- mediated apoptosis in the liver, while loss of K8 provides resistance to apoptosis 

in intestine. Similarly, K8/18 are established cytoprotective proteins in the liver, while they 

are largely dispensable for cytoprotection in pancreas. 

 

 

 
Figure 1.2. Structure of KRT8 and KRT18 genes. The exonic composition of K8/18 
together with the corresponding amino acides and subdomains [1A, 1B, 2, L(linker) 1, L1-
2], exons are indicated.  
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Table 1.3. Distribution of keratins in epithelia 
Tissue/Cell Type Keratin pattern 

Epithelia in digestive organs  
Adult Hepatocytes K8/18 
Embryonic Hepatocytes K8/18 + K19 
Oval cells K8/18+(K7/19)* 
Bile duct K8/19+(K7/18)* 
Gallbladder K8/18+K7/19)* 
Pancreas-ductal cells K8/19+(K7/18)* 
Pancreas-acinar cells K8/18+K19** 
Small intestine K8/20+K19+K18 
Colon K8/18+K19+K20 
Esophagus K4/13+(K6)* 
Stomach K8/18+K19+K20+(K7)* 
Other Epithelia  
Basal keratinocytes K5/14 
Suprabasal keratinocytes K1/10 
Hyperproliferative keratinocytes K6/16/17 
Corneal epithelia K3/12 
Modified according to [1],[70],[101]. *Parentheses highlight 
keratins expressed at lower levels. **K19 is found only in the 
apical, but not in the cytoplasmic compartment of the 
pancreatic- acinar cells. 

 

1.5. Regulation of keratins (Posttranslational modifications and IFAPs) 

 
Keratin regulation occurs via post translational modifications (PTM) (such as 

phosphorylation, glycosylation, transglutamination, crosslinking, acetylation, caspase 

cleavage, ubiquitination, sumoylation) and intermediate filament associated proteins 

(IFAPs) (such as 14-3-3, kinases [protein kinase C (PKC), c-Jun amino-terminal kinase 

(JNK) etc], linkers [desmoplakin, plectin etc], chaperones [heat shock protein 70 (Hsp70), 

glucose regulated protein 78 (GRP78), mammalian relative to DnaJ (Hsp40) , C-terminus 

of Hsc70-interacting protein etc]) [68, 99].  Keratin expression changes represent an 

additional way to modify keratins [60, 152] and in the liver, K8/18 mRNA and protein 

levels increase up to three- to fourfold in response to various stress situations [167]. 

Keratin post-translational modifications, such as phosphorylation, are closely linked to 

keratin cytoprotective function during liver injury and therefore, an impairment of keratin 

PTMs may be responsible for the biological effect of keratin mutations [125].  

Phosphorylation is the major posttranslational modification of keratins, and the 

regulation of keratin function via phosphorylation has been studied extensively. In vitro 

experiments and transgenic animal studies showed that K8/18 phosphorylation is important 

in cell-cycle progression, sensitivity to apoptosis and predisposition to toxin mediated liver 

injury and increase in keratin phosphorylation correlated with disease progression in 
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patients with chronic liver disease [100, 136, 149]. Ablation or insertion of 

phosphorylation sites affects the solubility of keratins [100]. Furthermore, phosphorylation 

is essential for keratin network organisation, localization to specific cellular compartments, 

regulation of binding to IFAPs (such as 14-3-3), but also it is associated with a variety of 

stress conditions such as drug-induced injury, apoptosis, heat stress, treatment with 

phosphatase inhibitors, metabolic stress [45, 50].  

Phosphorylation of keratins and other IF proteins occur predominantly within their 

N-terminal ‘‘head’’ and C-terminal ‘‘tail’’ domains (Figure 1.1). Keratins are 

phosphorylated mainly on serine (S) residues and the major phosphorylation sides for 

human K8 and K18 are K8 S24, S74, S432 and K18 S34, S53 [60]. The presence of keratin 

phosphorylation within the structurally heterogeneous head and tail domains suggests that 

this modification may play a regulatory role in the presumed tissue-specific function of 

these proteins [59]. 

K8 S74 represents the most dynamic phosphorylation site which is switched off 

under basal conditions but becomes phosphorylated during mitosis and a variety of stress 

conditions such as heat, drug exposure and apoptosis [54]. Accordingly, it is 

phosphorylated by the stress-inducible mitogen-activated protein kinases (MAPK) such as 

JNK or p38 kinases and contributes to filament reorganization [50, 164]. Ablation of K8 

S74 phosphorylation site in mice predisposed to Fas-induced liver injury and the same 

phenotype was seen in mice overexpressing human associated mutation K8 G62C which 

displayed an impaired phosphorylation at S74 [60].  The same study also demonstrated that 

K8 S74 has an important role as a phosphate sponge in preventing the detrimental 

activation of stress-activated protein kinases [60].  Another study showed that 

phosphorylation at K8 S74 promotes the crosslinking of the K8 at its major crosslinking 

site K8 Q70 and thereby precipitates formation of keratin-containing hepatic inclusion 

bodies termed Mallory-Denk Bodies (MDBs) [72]. Together with K18 S53, K8 S74 was 

markedly hyperphosphorylated in cirrhotics but not in Hepatitis C Virus (HCV) infected 

non-cirrhotic livers [149].  

K8 S432 motif exhibits moderate phosphorylation under basal conditions which 

further increases during mitosis, upon exposure the epidermal growth factor, hyperosmotic 

stress as well as Fas-induced apoptosis and liver injury [58, 141, 145]. K8 S432 

hyperphosphorylation also occurs in HCV infected non-cirrhotic livers [149] and in 

response to activation of the epidermal growth factor receptor (EGFR) by MAPKs [98, 

115].  
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The K8 S24 phosphorylation site is highly conserved among all type II keratins and 

is phosphorylated under basal conditions [64]. The basally phosphorylated K18 S53, is the 

major phosphorylation site during interphase, its phosphorylation is dynamic, increased 

two to three times during mitosis, and appears to be important for filament reorganization 

[55, 79].  Ablation of K18 S53 site in mice predisposed to hepatotoxic injury [59]. 

K18 S34 is also significantly phosphorylated under basal conditions and becomes 

hyperphosphorylated in mice exposed to Fas ligand, but not in cultured cells undergoing 

apoptosis [65]. K18 S34 hyperphosphorylation also occurs during mitosis and regulates the 

association of the 14-3-3 family of proteins with K18, which in turn plays a role in keratin 

filament organization and solubility [55, 70]. The phosphorylated K18 S34 as well as K18 

S53 are found preferentially in the soluble keratins [55]. Ablation K18 S34 site in mice 

causes only a minimal change in hepatocyte keratin filament organization but leads to 

limited mitotic arrest and fragmentation of keratin filaments after partial hepatectomy [58]. 

Phosphorylation at K18 S34 increased in non-cirrhotic livers (possibly due to cell 

regeneration) but was lower in cirrhotic samples (possibly due to the observed apoptosis) 

[149]. In summary, K8/K18 phosphorylation represents a complex process which is 

sophisticatedly regulated and the residues identified so far display unique regulation and 

importance for tissue homeostasis [100]. 

Keratin 18 glycosylation is another dynamic modification that occurs at K18 S30, 

S31 and S49 and consists of single O-linked N-acetylglucosamines (GlcNAc) (Figure 1.1.; 

[17],[67] ). Increased glycosylation on K8/18 caused increased solubility and led to 

degradation of keratins by proteasomes [126]. On the other hand, K18 glycosylation 

mutants did not impair keratin filament assembly [63]. Interestingly, transgenic mice with 

abrogated keratin glycosylation sites were more susceptible to hyperglycosylation-induced 

liver and pancreatic injury [67]. The protective role of K18 glycosylation was due to 

promoting the phosphorylation and activation of cell-survival kinases such as RAC-alpha 

serine/threonine-protein kinase (Akt1) [67]. 

As mentioned above, keratins are also crosslinked by transglutaminase II (TG2), an 

enzyme which catalyzes formation of glutamine-lysine crosslinks within proteins [129]. 

K8 is more prone to TG2-mediated crosslinking than K18 and its crosslinking promotes 

formation of MDBs [129, 147].  In addition, K8, K18 and K19 are sumoylated within their 

rod domains and keratin sumoylation was shown to be augmented during apoptosis, 

oxidative stress, and phosphatase inhibition [125]. Similarly, increased sumoylation was 
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found in chronically injured human and mouse livers and leads to decreased keratin 

solubility along with elevated ubiquitination [125].  

Keratin 18 undergoes caspase-mediated degradation during apoptosis which occurs 

sequentially, first at 393DALD and then at 234VEVD (Figure 1.1). K18 

hyperphosphorylation, as it occurs early in apoptosis, protects from caspase-3 mediated in 

vitro digestion at 234VEVD but not 393DALD [61]. Proteolysis of keratins has been also 

described during virus infection [168] and apoptosis [13, 54] and is mediated by viral 

proteases or caspases. 

Given that multiple keratin PTMs have been identified, a better understanding of 

their interaction is crucial to shed light on the keratin regulation. To that end, 

phosphorylation and glycosylation occur on different K8/18 molecules [15], and altering 

one modification does not appear to affect the other [62]. Stress-induced protein 

phosphorylation regulates sumoylation and a direct correlation was observed between 

keratin phosphorylation and sumoylation, but abrogating the ability of keratins to be 

phosphorylated on previously identified serine residues in the head and tail domains did 

not prevent sumoylation, with the exception of a moderate effect of the Ser-74 residue 

[125].  

Among IFAPs, 14-3-3 protein family has been extensively studied [48]. 14-3-3 

proteins are ubiquitously expressed and interact with a variety of proteins such as kinases 

and phosphatases including Raf, cdc25 and PKC [97]. 14-3-3 proteins typically bind to 

specific consensus sequences rich in (phosphorylated) serine and proline residues [124]. 

RSXSXP (for Raf1 and cdc25), RXRXXSXP (for BAD), PXSSXXSXX (for K18) are 

some examples of such motifs [55]. Interaction of K18 with 14-3-3 protein is enabled by 

its phosphorylation at S34 and 14-3-3 protein acts as a solubility cofactor [80]. Another 

binding partner of keratins is Raf kinase, which associates directly with K8 under basal 

conditions and dissociates under oxidative or toxic stresses. Interestingly, Raf associates 

both with 14-3-3 and K8 and the same Raf phosphorylation sites are responsible for 

binding of Raf to K8 and 14-3-3 protein [52]. 

Protein kinases represent another established K8/K18 interacting proteins and 

several of them such as protein kinase A, also known as cAMP-dependent protein kinase 

(PKA) [16, 33, 127]; PKC [16, 95, 123]; p38 kinase were shown to directly phosphorylate 

keratins [49]. Similarly, MAPK-activating protein kinases 2 which are downstream targets 

of p38, were shown to directly phosphorylate K18 in vitro [88] and  Akt1, a serine-

threonine protein kinase, associates with K8 but not K18 [67]. Among another proteins, 

http://en.wikipedia.org/wiki/Threonine�
http://en.wikipedia.org/wiki/Protein_kinase�
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K8/18 also associate with oxidized Ran, which is an abundant GTPase of the Ras 

superfamily, but the physiological importance of this interaction remains to be determined 

[146].  

Associations of heat shock proteins (Hsp) with K8/18 were also shown. Among 

them, Hsp70 was found to be associated with K8, but had no effect on K8/18 filament 

dynamics [78]. GRP78, an endoplasmic chaperone which is induced under a variety of 

conditions such as glucose starvation, was also shown to associate with K8/18 in and ATP-

dependent manner, but it is unknown whether this interaction occurs in vivo given that 

keratins are cytoplasmic proteins [77].  Human Mrj, a DnaJ/Hsp40 Family Protein [42], as 

well as Hsp27, members of the small Hsp family [105], are associated with both soluble 

and cytoskelatal K8/18.  

Pirh2 represents another recently identified K8/18 binding protein and constitutes 

an E3 ligase that targets p53 for degradation and interacts with K8/18 filaments in the 

cytoplasm of unstressed cells [24]. eIF3k, the smallest subunit of eukaryotic translation 

eukaryotic initiation factor 3 (eIF3) complexes was found to bind to K18 and enhanced 

apoptosis by releasing activated caspase 3 from keratin-containing inclusions [81]. Another 

members of the apoptotic machinery, i.e. the death receptor TNFR2 (TNF receptor type 2) 

and/or the adaptor molecules TRADD (TNF receptor type 1-associated death domain 

protein) [40], Death effector domain-containing protein (DEDD) and active caspase-3 [32, 

73] were found to bind to K8/18 during apoptosis and increase the cellular resistance to 

programmed death. In conclusion, many keratin interacting proteins have been detected so 

far, but in most of them, the precise mode of interaction and potential modification by 

keratin mutations still remains to be determined. 

 

1.6. The role of keratin 8 and 18 in disease development 

1.6.1. Animal models 

 
Given that keratins represent complex organising of tissue architecture, whose 

functions becomes evident only in the context of a whole organism, transgenic animal 

models became an unique tool in IF research. In one of the first models transgenic mice 

K14 displayed a profound skin blistering and this phenotype was instrumental to identify 

lacking K14 mutations as a cause of human disease [19, 156] and they further showed that 

a point mutation (R125C) was abided termed epidermolysis bullosa simplex (EBS). To 
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address K8/18 function, K8 knockout mice were generated in 1993 (table 1.4; [7]). On a 

C57Bl/6 background, most animals died around embryonic day 12 because of the 

mechanically fragile hepatocytes and consequent liver haemorrhage [7]. In contrast, 55% 

of K8 knockout mice at FVB/N background survived and showed only mild hepatitis but 

also colorectal hyperplasia, intestinal inflammation and female infertility [6, 151]. In 

contrast to the mild liver phenotypes under basal conditions, K8 knockouts displayed 

markedly increased susceptibility to toxic and mechanically-induced liver injury such as 

griseofulvin, 3,5-diethoxycarbonyl-1,4-dihydrocollidine (DDC), pentobarbital, 

Microcystin-LR (MLR) treatments, high fat diet, lithogenic diet, partial hepatectomy [101, 

167], Fas and TNF-mediated apoptosis [14, 31-32]. Due to their fragility, it was almost 

impossible to obtain primary hepatocytes from these animals. On the other hand, K18 

knockout mice had normal life span, and no intestinal phenotypes but showed mild liver 

pathology and elevated apoptosis [84]. In addition, older animals developed MDBs which 

are aggregates seen in human livers in alcoholic hepatitis and consisting of K8/18 as their 

major constituents [14, 84]. Last but not least, K18 knockouts were significantly more 

susceptible to Fas-antibody-induced liver failure [76].  

Table 1.4. Animal studies of K8 and K18* 

Phenotype 
Keratin  
Filaments 

Liver Phenotype 
(basal conditions) 

Tested Injury Models Studies 

K8 -/- (C57B1/6) 
 

absent 
Liver hemorrhage 
with embryolethality 

Not studied [7] 

K8 -/- (FVB/N) absent mild hepatitis 
Pentobarbital, MLR,  
High fat diet 

[6, 
101],[144],
[167] 

K18 -/- absent mild hepatitis,MDBs none [60, 83] 
mK8 overexpression normal spontaneous MDB DDC [167] 
hK8 G62C  
(natural variant) 

normal normal Fas, MLR [60] 

K8 S74A normal normal Fas [60] 
K18 overexpression normal normal DDC [35] 

K18 R90C disrupted mild hepatitis 
Acetominophen, MLR, 
Fas, TAA-induced fibrosis 

[57, 96, 
101, 137] 

K18 S34A 
(phosphorilation side 
regulating binding  
to 14-3-3) 

normal normal Partial hepatectomy [100] 

K18 S53A normal normal MLR [100] 
*Modified according to [66]. m:mouse; h: human; ; (-/-): Knockout DDC: 3,5-diethoxycarbonyl-1,4-
dihydrocollidine MLR: microcystin-LR; TAA: Thioacetamid. 

 

Animals overexpressing K18 R90C variant represent another mouse strain which 

was instrumental for elucidating K8/18 function. K18 R90C mutation is located at a highly 

conserved residue which is homologous K14 R125C mutation, is hotspot mutation causing 



Chapter 1 Introduction 

 13

the most severe form of EBS  Under basal conditions, K18 R90C developed mild hepatitis 

and a complete disruption of keratin network (Table 1.4). In addition, these mice were 

susceptible to various hepatotoxins as well as to oxidative liver injury [57, 69, 96-97, 101, 

135, 170]. In summary, several K8/K18-deficient transgenic mouse models displayed a 

similar liver phenotype, which was characterized by increased susceptibility to different 

hepatic stresses such as  Fas induced apoptosis, acetaminophen, MLR-induced liver 

toxicity or tioacetamid (TAA)-induced liver fibrosis [66, 137]. Another transgenic mouse 

model is overexpressing K8 G62C which is naturally occurred genetic variant in human 

and causes a dramatic increase in transgenic mouse susceptibility to stress-induced liver 

injury and apoptosis when challenged with Fas ligand and MLR, although keratin filament 

organisation and liver phenotype are normal under basal conditions.  This is a direct link 

between keratin mutation and the predisposition to liver disease in humans at the molecular 

level via effects on keratin phosphorylation regulation of keratin network [60, 66]. 

Excisions of different K8/18 phosphorylation sites such as K18 S34A, K18 S53A, and K8 

S74A represent normal phenotype under basal conditions; however drive to a milder 

phenotype under stress situations (Table 1.4; [66, 135]).  

1.6.2. Human studies 

 
The observations from the mouse models suggested that mutations in K8/18 may 

contribute to development of digestive diseases. First described mutation in K18 was K18 

H128L which was identified in one out of 28 patients with cryptogenic cirrhosis while no 

K18 mutation was found in 92 patients with non-cryptogenic liver cirrhosis [69]. K8 G62C 

and K8 Y54H variants were identified in 55 patients with cryptogenic liver diseases when 

compared with 98 patients with non-cryptogenic liver diseases (i.e. alcohol use, alcohol 

use, autoimmunity, drug use, viral infection, HCV, hemochromatosis) [53]. However, 

according to another study, 1668 patients with different liver diseases and 679 healthy 

volunteers were screened and no associations was found between K8 G62C, K8 Y54H 

variants and liver diseases  [34]. Following human association studies identified K8/K18 

variants in 12.4% of 467 liver explants as contrasted with a 3.7% variant frequency in a 

control group  consisting of 365 blood bank donors (p<0.0001; prevalence odds ratio 3.8 

with 95% CI 2.1-7.1) (Table 1.5; [56]). Of note, both variants were highly conserved 

among types in keratins. The most common K8/K18 variants among Caucasian liver 

disease subjects were K8 R341H followed by K8 G62C, which were found in 6.4% and 
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1.3%, respectively (Table 1.5; [56]). Less conserved K8 Y54H and G434S variants were 

found almost exclusively in individuals of African descent (Table 1.5; [56, 140]).  

However, the early studies analyzed patients with liver diseases of multiple etiologies. To 

find out which human diseases are particularly sensitive to presence of K8/18 variants, 

several common liver diseases were analyzed. First, a cohort of German patients with 

chronic hepatitis C infection (CHC) (329 patients) was studied and it was found that 

K8/K18 variants associated with severe liver fibrosis within this disease collective (Table 

1.5; [132]). Another study analyzed Italian patients with primary biliary cirrhosis (PBC) 

and found out that K8/K18 and K19 variants were overexpressed in PBC subjects vs. 

controls and that these variants are particularly common in patient with a severe disease 

(Table 1.5; [169]). Since transgenic animal data demonstrated the keratin mutation-based 

predisposition to acute liver injury, a cohort of US patients with acute liver failure (ALF) 

was screened. Similarly to chronic liver disease, K8 R341H and K8 G62C variants were 

the most common variants in the white ALF subjects and were observed in 7.1% and 1.6% 

respectively. On the other hand, K8 G434S was the most frequently seen variant in the 

African-American (AA) cohort, 24.4%. K8 R341H and G434S alone were significantly 

more frequent in white and Afro-American ALF subgroup than the respective control 

collectives (p= 0.01; prevalence odds ratio 2.35 with 95% CI 1.2-4.6 and p=0.02, 

prevalence odds ratio 2.84 with 95% CI 1.1-6.8 respectively)  (Table1.5; [140]). Last but 

not least, recent study confirmed an association between K8 variants and development of 

cryptogenic hepatitis [171]. Studies analyzing the presences of keratin variants in patients 

with liver disease are summarized in Table 1.5. 

1.7. Hepatitis C infection and HALT-C trial 

In my PhD thesis, I analyzed the impact of K8/18 variants on progression of 

hepatitis C-related liver diseases. Hepatitis C is an infection caused by an enveloped, single 

stranded, RNA virus (Hepatitis C Virus, HCV (OMIM# 609532)) which can infect and 

reproduces in hepatocytes thereby causing a chronic liver disease (www.who.int). Chronic 

hepatitis C represents one of the most common infectious diseases affecting more than 3% 

people worldwide and is one of the main causes of liver cirrhosis and hepatocelluler 

carcinoma (HCC). Up to date studies suggest that worldwide more than 3 million 

Americans 200 million people worldwide were infected with HCV and overall incidence 

of HCV is appx. 3.3% of the world’s population, while about 4 million carriers are in 

Europe alone. Accordingly, HCV-related end stage liver disease is the leading reason for 

http://www.who.int/�
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liver transplantation in the USA (www.who.int). About 40% of people exposed to HCV 

manage to get rid of the virus, while the remaining ones become chronically infected. 20% 

of them develop cirrhosis (12% of total HCV infected patients) and among cirrhotic 

subjects develop liver cancer (i.e. 2.4 % of total HCV infected patients) (www.who.org). 

Moreover subjects with HCV infection and cirrhosis have a 20-fold increased risk of 

hepatocellular carcinoma compared with persons without HCV infection. In addition, 20-

25 % of cirrhotic patients develop liver failure and death and HCV associated end stage 

liver disease is leading indication for liver transplantation (www.who.int ; [162]).  HCV 

can be subdivided into 11 genotypes. Types 1a and 1b are the most common and make up 

to 60% of the global HCV infections (www.who.int).   

In the United States, 72 percent of patients with HCV infection have genotype 1; 16 

to 19 percent have genotype 2; 8 to 10 percent have genotype 3; and 1 to 2 percent have 

other genotypes [87, 162]. 60-70% patient with HCV infection are asymptomatic or have 

non-specific symptoms such as fatigue, nausea, anorexia, myalgias, arthralgias, weakness, and 

weight loss [162]. Therefore, elevated liver enzymes, particularly alanine transaminase (ALT) 

are often the only abnormality in these patients [86, 120] 

Currently no vaccination against hepatitis C is available because of the genetic 

variability of the virus. To clear the infection an antiviral combination therapy of pegylated 

interferon-α (PEG-IFN-α) in combination with ribavirin for 24 to 48 weeks, is used. In 

addition, a polymerase inhibitor is given in subjects infected with genotype 1 [75, 122]. 

Treatment is recommended in persons at least 18 years of age who are willing to be treated 

and to conform to treatment requirements, have abnormal serum ALT values, significant 

liver fibrosis or compensated cirrhosis, and normal renal function, and no hematologic 

abnormalities such as anemia or neutropenia. The combination of PEG-IFN-α and ribavirin 

leads to sustained virologic response (SVR) rates of 50% to 60% in patients infected with 

HCV genotype 1. Overall, only about 65% of patients become HCV RNA-negative when 

treated with this regimen. Among patients with advanced hepatitis C who failed 

peginterferon and ribavirin therapy, the rate of liver-related outcomes, including death and 

liver transplantation, is high, especially once the Child-Turcotte-Pugh (CTP), which 

assesses the prognosis of chronic liver diseases (Table 2.11) and mainly cirrhosis, reaches 

at least 7 [23].                                                                                   .  

http://www.who.int/�
http://www.who.org/�
http://www.who.int/�
http://www.who.int/�
http://en.wikipedia.org/wiki/Cirrhosis�
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Table 1.5. Summary of keratin variants in liver disease (1/2) 

Patient cohort Variants 
# of Patients   
with variants (%) 

# of controls  
with variants(%) 

P values 
OR  
(95% Cl) 

Lit 

Americans with  
liver diseases of multiple etiologies 

K18 H127L 
1/28 cryptogenic cirrhosis 
0/92  non cryptogenic cirrhosis 

   [69] 

K8 G62C 3/55 cryptogenic 

K8 Y54H 2/55 cryptogenic 
Americans with 
liver diseases of multiple etiologies 

 0/ 98 non-cryptogenic 

0/89   [53] 

Americans with HHC K8 R341H 9/119 (7.6%) 0/116 
Patient vs control 
p=0.0037 

 [74] 

K8; K18; total 48/467; 13/467; (12.4%) 13/369 (3.7%) 
Patient vs control 
P < 0.0001 (total) 

3.7 (2.0-6.8) 

K8 Y54H 5/467 (1.1%) 0/369   
K8 G62C 6/467 (1.3%) 1/369 (0.3%)   
K8 R341H 30/467 (6.4%) 1/369 (0.3%) P=0.02 (R341H) 2.4 (1.2-5.1) 

Americans with liver diseases with multiple 
etiology 

K8 G434S 4/467 (AA) 10/369 (3.1%)   

[51],  
[56] 

K8 Y54H 2/1668 (0.1%) 1/679 (0.1%) 

K8 G62C 27/1668 (1.6%) 12/ 679 (1.8%) Europians with different liver diseases 

 
1617  Caucasians in 1668 patients 
(1400 Germans) 

 

N.S.  [34] 

Exonic 11/151 (7.3%) 
Intronic 2/151 (1.3%) 
K8 G62C 1/151 (0.7%) 

Germans with 
liver diseases of multiple etiologies 

K8 R341H 7/151 (4.6%) 

 
 

  [131] 

K8/18 variant 24/329 HCV (7.3%) 
Significant  19/329 (5.8%) 
Y54H 1/329 (0.3%) 
G62C 6/329 (1.8%) 
R341H 10/329 (3%) 

Germans with HCV 

Intronic 15/329 (4.6%) 

 

Multivariant analysis: 
Age effect for significant 
variants 
p= 0.03 
Fibrosis stage 1:  
p=0.03 

 
2.05 (1.33-3.15) 
(fibrosis) 

[132] 

K8/18 variants 17/201 (8.5%) 3/200 4.5 (1.5-13.7 
K19 variants 3/201 (1.5%) 1/200 3.25(1.02-10.4) 
Significant  K8/18 14/201 (7.0%) 3/200 (1.5%)  
G62C 4/201 (2.0%) 0/200  
R341H 8/201 (4.0%) 3/200 (1.5%)  

Italians with PBS 

Intronic 2/201 (1.0%) 1/200 (0.5%) 

K8/18/19 variants 
in PBS 
P < 0.004 
advanced stage of PBC vs 
early stage p< 0.04 
  

[169] 
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Table 1.5. Summary of of keratin variants in liver disease (2/2) 
K8/18 variants 62/344 (18.0%)    
Significant  variants 45/344 (13.1%)    
Y54H 1/344 (0.3%) 

1/41 (2.4 %) in AA 
 
10/245 (4.1 %) in AA 

  

G62C 4/344  (1.2%); 
4/252 (1.6%) in Caucasians 

   

R341H 23/344  (6.7%); 
18/252 (7.1%) in Caucasians 

 
23/727 (3.2%) in 
Caucasains 

p=0.01 (R341H) 2.35 (1.2-4.6) 

G434S 10/344  (3.2); 
10/41 (24.4%) in AA 

 
25/245 (10.2%) in AA 

p= 0.02 (G334S) 2.84 (1.1-6.8) 

Americans with ALF 

Intronic 11/344 (3.2%)    

[140] 

K8/18 variant 10/162 (6.2%) 19/234 (8.1%) 
Significant  7/162 (4.2%) 15/234 (6.4%) 
G62C 3/162 (1.9%) 6/234 (2.6%) 
R341H 4/162 (2.5%) 9/234 (3.8%) 

Austrians with HHC 

Intronic 6 (3.7%) 19/234 (8.1%) 

N.S.  [130] 

Germans with cryptogenic hepatitis K8 variants 5/62 (8.1%) 0/67 P=0.02  [171] 

US: American; AA: African Americans;  HCV: Hepatisis C Virus infection; HHC: Hereditary Hemochromatosis; PBS: Primary bliary sclerosis; ALF: Acute liver 
failure; N.S.: Not significant;  
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The development of liver diseases in chronically HCV-infected subjects is modified 

by a variety of environmental and host factors such as gender, age, alcohol consumption, 

additional infections, and metabolic diseases. In addition, genetic variants are known to 

play an important role [29, 89, 160]. For example variants in immunoregulatory proteins, 

cytokines, fibrogenic factors and K8/18 were shown to affect the disease course [8-9, 109, 

120]. 

To further assess the role of K8/18 variants in development of HCV-related liver 

disease, their impact on virus clearance, steatosis, inflammation and other features of this 

disease, we analyzed a large cohort of HCV-infected patients who underwent Hepatitis C 

Antiviral Long-term Treatment against Cirrhosis (HALT-C) trial (see 2.2.1.).   

 

1.8. Hereditary Hemochromatosis 

 

Hereditary hemochromatosis (HHC) (OMIM# 235200), represents an inherited 

defect in iron metaobolism eading to iron overload. In 85% of cases, it is caused by a 

mutation in HFE gene located on chromosome 6. HFE constitutes a transmembrane 

glycoprotein expressed mainly in hepatocytes involved in regulation of the amount of iron 

absorbed from food.  

The most common disease-relevant HFE mutation is a homozygous C282Y/C282Y 

variant, while patients with compound heterozygous C282Y/H63D status have a less 

severe disease. HHC is one of the most common genetic disorders being found in 1:200 in 

Caucasians of northern European descent. This iron overload seen in these subjects leads 

to oxidative stress and may result in multi-organ dysfunction including liver cirrhosis, 

diabetes, heart failure, arthritis and liver cancer [2, 107, 165]. HHC becomes evident by the 

elevated measurement of serum transferin saturation (TS) which constitutes an early 

marker of iron overload. Elevated ferritin serum iron levels are additional, less specific 

HHC indicators [5, 106].  

Epidemiological studies demonstrated that the clinical penetrance of HFE 

mutations is highly variable and does not necessarily lead to a clinically-manifested iron 

overload or development of liver disease [2, 107].  

Accordingly, genes involved in oxidative stress response as well as certain 

cytokines were reported to affect this development of HHC-related tissue disease [165]. In 

a genetic association study, K8 R341H heterozygous variant was identified in 9 out 119 
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(7.6%) American subjects with the C282Y/C282Y HFE mutation but not in 116 age-, sex- 

and ethnic background matched controls [74]. Several observations may account for 

overrepresentation of K8 variants in HHC subjects. Iron overload seen in HHC patients is 

known to generate reactive oxygen species [113, 170], and earlier findings demonstrate 

that mice that overexpress the K18 R90C variant manifest upregulation of hepatic 

oxidative injury gene products under basal conditions [113, 170].   

Furthermore, such as injury may downregulate hepcidin, the central regulator of 

iron metabolism thereby promoting iron overload. These collective findings led us to 

analyze a cohort of 162 HHC patients from central Europe for the presence of keratin 

variants, and to evaluate the impact of iron overload in previously established transgenic 

mice overexpressing the human K8 G62C variant.   

 

1.9. Liver fibrosis 

 
Liver cirrhosis represent a dreaded outcome of chronic liver disease and causes 

considerable morbidity and mortality (in the United States, it leads to 30,000 deaths per 

year). It develops as a result of a progressive tissue remodeling starting with subendothelial 

or pericentral fibrosis (hepatic fibrosis) and progressing to panlobular scaring with nodule 

formation [8, 43].  

Multiple chronic diseases such as hepatitis B/C infections, metabolic disorders, 

cholestasis, autoimmune injury or toxic damage due to alcohol consumption lead to 

persistent liver injury and in turn to transformation of quiescent stellate cells to 

myofibroblast (is activated hepatic stellate cells (HSC) which start to produce fibrotic 

tissue. Over the years ongoing liver damage may progress to liver cirrhosis with 

development of portal hypertension, hepatocellular carcinoma and liver failure.  

Myofibroblast are the key profibrogenic effector cells and the major producers of 

extracellular matrix, matrixmetallopeptidases (MMPs) and tissue inhibitors of MMPs 

(TIMPs). In the early phase of liver injury, the increased deposition of extracellular matrix 

(ECM), is counter-balanced by increased production of the degrading enzymes, the  

MMPs. Later on, MMPs become inhibited through TIMPs and progressive ECM 

deposition occurs [8]. The major fibrogenic stimuli leading to activation and proliferation 

of HSCs/myofibroblast are cytokines such as transforming growth factor beta (TGF β2, 

β1), growth factors such as platelet-derived growth factor (PDGF) or connective tissue 
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growth factor (CTGF). Collagen type I and type III are the major components of fibrotic 

tissue (more than 80%).  

To elucidate the development of human liver fibrosis, several animal models were 

developed. The most common models use a long-term administration of hepatotoxic 

chemicals such as carbon tetrachlorides (CCl4) or thioacetamids (TAA). Of note, CCl4 is 

known to induce liver fibrosis development in human as well. Another models employ a 

chronic cholestasis (i.e. retention of the bile) to spur liver fibrosis development. Such a 

biliary retention can be either due to chemically induced biliary injury with stone 

formation as it is the ease after chronic DDC-feeding or due to mechanical bile duct 

obstruction as it happens after bile duct ligation (BDL). CCl4 and TAA lead to primary 

hepatocyte injury and panlobular fibrosis, while DDC, and BDL cause biliary fibrosis 

[108, 159].  
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Aim of the study 
 

Multiple animal experiments established K8/K18 as the major hepatoprotective 

proteins. These results spurred human association studies which suggested that inherited 

keratin variants predispose to progression and adverse outcome of both acute and chronic 

liver disorders. In fact, keratin variants seem to participate in development of up to 10-15% 

of terminal liver disorders. However, the keratin-based predisposition to liver injury seems 

to be context-dependent and it is currently unknown, what liver diseases are particularly 

sensitive to presence of keratin variants. In addition, it remains unclear, which variants 

promote liver injury and which ones rather constitute polymorphisms. Last but not least, 

the precise molecular mechanisms how exactly keratin variants affect liver disease 

development, still need to be uncovered.   

To improve our understanding of the role of inherited K8/K18 variants in the 

development of human liver disease, we pursued three independent studies: 

1. We analysed the occurrence and impact of keratin 8/18 mutations on liver disease 

development in 1222 patients with chronic hepatitis C virus infection. The 

biological significance of newly detected K8/K18 variants was assessed in vitro. 

2. We studied the role of K8/K18 variants in 162 patients with hereditary 

hemochromatosis caused by a presence of a homozygous HFE C282Y mutation. 

This human association study was complemented by experiments analyzing the in 

vivo impact of K8 G62C variant on iron metabolism as well as on the in vitro iron 

toxicity. 

3. To directly assess the impact of K8 variants on liver fibrosis development, 

transgenic mice overexpressing the K8 G62C variant were subjected to established 

liver fibrosis models, i.e. TAA) and carbon tetrachloride (CCl4) administration as 

well as bile duct ligation. 

 

 

 



 Chapter 2 Materials and Methods 

 22

2. MATERIALS AND METHODS 

2.1.1. Materials 

2.1.2. Chemicals and reagents 

 
Name of the product Company 
Acetic Acid (100%) Merck 

Acetone AppliChem 

Acetonitrile Sigma 

Acrylamide/Bisacrylamide Solution (30%) Sigma 

Agarose Biozym 

Albumin bovine Fraction V Serva 

Ammonium acetate Sigma 

Ammonium bicarbonate Sigma 

Ammonium chloride Sigma 

Ammonium iron(III) citrate Merck 

Ammonium persulfate Sigma 

Ammonium sulfate Sigma 

Ampicillin sodium salt Sigma 

Bradford Reagent BioRad 

Bromphenol Blue sodium salt Sigma 

Calcium Chloride Sigma 

Carbonyl iron Sigma 

Carbon tetracloride Sigma 

Citric acid monohydrate Fluka 

Chloramines-T Sigma 

Coomassie brilant blue (R250) Sigma 

DEPC water Invitrogen 

Deoxynucleotides Set (dNTP) Invitrogen 

Dimethylsulphoxide (DMSO) Sigma 

Direct Red 80 Sigma 

DL-Dithiothreitol - DTT Sigma 

D-Mannitol Sigma 

DNA ladder/Gene ruler (100 mb and 1 kb) Fermentas 

ECL Plus  Western Blotting Detection Reagents GE Healthcare 

ECL Western Blotting Detection Reagents GE Healthcare 

Empigen BB Detergent Sigma 

Eosin G (0.5 %) Merck 

Ehrlich’s solution Sigma 

Ethanol Sigma 
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Name of the product Company 
Ethidium Bromide Sigma 

Ethylenediaminetetraacetic acid (EDTA)-disodium salt Roth 

Ethylene glycol tetraacetic acid (EGTA ) Sigma 

Fetal calf serum (FCS) Gibco 

Formaldehyde (37%) Roth 

Gelatine from cold water fish skin Sigma 

Glucose Merck 

Glycerine Roth 

Glycerol Serva 

Goat Serum Invitrogen 

Haematoxylin Merck 

HEPES (2-[4-2-hydroxyethyl-1-piperazinyl]-ethansulfon acid) Merck 

Hydrochloric Acid (37%) Sigma 

Hydrogen peroxide (H2O2) (30%) Fischer 

Isofluran (Forene®) Abbott 

Isopropanol Sigma 

L-Ascorbic Acid Sigma 

LB Agar (Lennox L Agar) Invitrogen 

LB Broth Base (Lennox L Broth Base)® Invitrogen 

Magnesium chloride Sigma 

Methanol Sigma 

Methyl Green Vector 

Milk powder Roth 

Mounting Medium Immunotech 

MOPS (3-(N-morpholino)propanesulfonic acid) Sigma 

Nitrilotriacetic acid (NTA) Sigma 

Natriumhydroxide pellet AppliChem 

N-Lauroylsarcosine Sigma 

Nonidet P40 (NP 40) Roche 

Normal Mouse Serum Invitrogen 

Okadaic Acid Enzo 

Olive oil Sigma 

Orange G Merck 

Paraformaldehyde Merck 

Penicillin/Streptomycin (P/S) Gibco 

Perchloric acid Fluka 

pHMeter-calibration solutions (pH 4,7, 9) Merck 

Phenylmethanesulfonyl fluoride (PMSF) Sigma 

Phosphate Buffered Saline (PBS) (10x) Gibco 
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Name of the product Company 
Picrylsulfonic acid solution (=TNBS) Sigma 

Picric Acid Sigma 

Poly-L-Lysine Solution Sigma 

Ponceau S Merck 

Potassium chloride (KCl) Merck 

Potassium hexacyanoferrate (2) trihydrate Sigma 

Potassium phosphate monobasic Sigma 

ProLong Gold antifade reagent with Dapi Invitrogen 

Protease Inhibitor Cocktail Sigma 

Rabbit IgG negative control Dako 

RNAlater® RNA Stabilization Buffer Qiagen 

Salicylic acid Sigma 

SDS (Sodium dodecylsulfate) Roth 

Sodium dihydrogenphosphate 2-hydrate (NaH2PO4) Roth 

Sodium acetate trihydrate Roth 

Sodium carbonate (Na2CO3) Merck 

Sodium chloride VWR Prolabo 

Sodium dihydrogen phosphate Sigma 

Sodium hydrogen carbonate Merck 

Sodium hydroxide Merck 

Sucrose Sigma 

Sulphuric acid (H2SO4) Merck 

Thioacetamide Sigma 

TBE (Tris/Borate/EDTA ) Buffer (10x) Invitrogen 

TEMED (Tetramethylethylenediamine) Sigma 

Trans-4-hydroxy-L-proline Sigma 

Trichloroacetic acid Sigma 

Triethanolamine Sigma 

Tris (tris-hydroxymethyl-aminomethane) Sigma 

Tri-sodium citrate 2-hydrate Roth 

Triton X-100 Sigma 

Trypan blue stain (0,4%) Gibco 

Trypsin Inhibitor Sigma 

Tween 20 Roth 

Xylene J.T.Baker 

β-Mercaptoethanol AppliChem 

Rotiphorese® Gel 30 Roth 

[32P]-γ-ATP (10mCi/ml) Hartmann Analytic 

dHPLC- Buffer A Transgenomic 



 Chapter 2 Materials and Methods 

 25

Name of the product Company 
dHPLC-Buffer B Transgenomic 

dHPLC-Buffer D Transgenomic 

dHPLC-Syringe Buffer Transgenomic 

Wave High Range Mutation Standard (70°C) Transgenomic 

Wave Low Range Mutation Standard (56°C) Transgenomic 

DMEM (Dulbecco's Modified Eagle Media) Gibco 

Hepatocyte culture medium Gibco 

Liver Perfusion medium Gibco 

OPTI-MEM Invitrogen 

RPMI 1640 Medium Gibco 

SOC (Super Optimal Broth) Medium Invitrogen 

2.1.3. Instruments and equipments 

 

Name of the product Company 
7500 Fast Real time PCR System Applied Biosystem 

Agarose gel chamber Bio-Rad 

Blotting Trans-BlotTM Cell  BioRad  

Cell culture flow  Gelaire  

Cell culture Incubator  Heraeus  

Cooling centrifuge 5417R  Eppendorf  

Cryostat HM 550  Microm  

Fluorescence microscope Olympus Olympus  

Hypercassette (18x24) Röntgen Bender 

Image processor (550) Leica microsystem 

Incubator shaker Certomat R Braun 

Incubators Heraeus 

Microscope (DM550B) Leica microsystem 

NanoDrop 2000c PEQLAB 

Perfusion pump  Ismatec  

pH-Meter (Seven Easy pH S20-K) Mettler 

Pipettes Eppendorf 

Power supplies BioRad  

Protein minigel apparatus BioRad 

Protein transfer apparatus Bio-Rad 

Refrigerated centrifuge (5417R) Eppendorf 

Refrigerated centrifuge MuLifuge S-R Heraeus 

Refrigerated centrifuge Sorvall RC-5B DuPont 

Rotating incubator  Bachofer  

SDS PAGE electrophoresis system Bio-Rad 

Shaking incubator Unimax 1010  Heidolph  

Thermoblock Eppendorf 
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Name of the product Company 
Thermocycler Bio-Rad  

Thermomixer 5436  Eppendorf  

UV Illuminator Modell 2011 LKB 

Water bath Haake W13  Fisons  

Balance  Sartorius  

2.1.4. Consumables 

 

Name of the product Company 
Catheter with injection port Braun 

Cell scrapers  Sarstedt/B2B 

Chamber cover glass, Lab-Tek Nunc 

Coverslips Roth 

Cryotubes Nunc 

Disposable Scalpels sterile Feather  

Falcon 2059 polypropylene tube BD Falcon 

Filter papers Whatman 

Forceps B2B 

General chow for rodents  Lab-Diet 

Injection needles Braun 

Tissue Culture Plate 96-Well Nunc 

Hyperfilm ECL (18x24cm) Amersham 

Micro Amp Optical 96-Well Reaction Plate B2B 

Neubauer counting chamber VWR 

PCR-tubes B2B 

Poly-D lysine coated  4 wells slides BD Biosciences 

Polystyrene tubes BD Falcon 

PVDF membrane Millipore 

Quartz cell VWR 

Safe –Lock Eppendorf tubes Eppendorf 

Septum Silikon Teflon-coated Roth 

Screw-plug without gap for sample bottle Roth 

Sample-bottle (2 ml braun) Roth 

Slides Roth 

Super Frost slides  Roth  

Syringe Discardit II (2, 5, 10, 20 ml)  Beckton Dickinson  

Syringe Omnican®  Braun  

Tissue Culture Flasks 250 ml Nunc 

Tissue Culture Plate 10 cm Nunc 

Tissue Culture Plate 6-Well Nunc 

4-well Culture Slides (Poly-D-Lysine coated) BD Biosciences 

Tweezers B2B 
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2.1.5. Reaction kits and enzymes 

 
Name of the product Company 
DNeasy Blood & Tissue Kit  Qiagen  

QIAquick®Gel Extraction Kit Qiagen 

Lipofectamin 2000 Transfection  Kit Invitrogen 

Lipofectamin LTX Transfection  Kit Invitrogen 

RNeasy Mini Kit Qiagen 

DNA Taq Polymerase with 10x reaction buffer Fermentas 

Maximase Polymerase with 10x reaction buffer Transgenomic 

Proteinase K   AppliChem   

QIAGEN Plasmid Mini Kit Qiagen 

QIAGEN Plasmid Midi Kit Qiagen 

QuikChange® site directed mutagenesis kit Stratagene 

SYBR® Green qPCR SuperMix   Applied Biosystem  

Collagenase, Typ 1 Worthington  

Ribonuclease H (RNaseH) Invitrogen 

RNase A Qiagen 

RNase Cocktail Ambion 

DNase Set (RNase-Free) Qiagen 

Dynabeads Protein G Beads (Immunoprecipitation Kit) Invitrogen 

Stripping Buffer (Restore Western Blot Stripping Buffer) Thermo 

Super Script II reverse Transcriptase Invitrogen 

Bradford Protein assay Bio-Rad 

Recombinant human active p38α kinase RD system 

Cell Proliferation Kit I (MTT) Roche 

Cytotoxicity Detection Kit (LDH) Roche 
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2.1.6. Antibodies used for western blot and immunofluorescence 

2.1.6.1.Primary antibodies 

 
 

Table 2.1. Primary antibody list 

Name of the product 
Origin and  
specifity 

Company or  
Laboratory 

Literature or  
Catalog # 

Anti-keratin 8 (Troma-I) 
Rat Troma I;  
anti-mouse (m)K8 

Omary Lab [11] 

Anti-keratin 8/18 (8592) 
rabbit 8592  
anti-h,mK8/18 

Omary Lab [57] 

Anti-keratin 18 (4668) 
rabbit 4668 
anti-h,mK18 

Omary Lab [55] 

Anti-keratin 18 (Troma-II) 
rat Troma II 
(anti-mK18) 

Omary Lab  [11] 

Anti-keratin 18 apoptotic  
fragment (D237) 

 Omary Lab [143] 

Anti-keratin 19 (Troma-III) rat ,mK19 Omary Lab [11] 

Anti-keratin 8 (M20) mouse, hK8 Sigma C5301 

Anti 14-3-3 (pan) Rabbit 
Cell Signaling 
Technology 

8312S 

Anti-Hsp60 rabbit Stressgen SPA-805 

Anti-keratin 18 (L2A1) Mouse, hK18 Omary Lab [16] 

Anti-keratin 8-phosphoS431 (5B3) 
Mouse, h-and m-
K8 

Omary Lab 
[64] 

Anti-keratin 18-phosphoS33 (IB4) Mouse, h-K18 Omary Lab [55] 

Anti-keratin 18-phosphoS52 (3055) rabbit, h-K18 Omary Lab [79] 

Anti-keratin 18-phosphoS73 (LJ4) 
mouse, h- and m-
K18 

Omary Lab 
[77] 

Anti-β-Actin (monoclonal) mouse Sigma  A-1978 

Anti-β-Tubulin mouse Sigma T8328 

 

2.1.6.2.Secondary antibodies 

 
Table 2.2. Secondary antibody list 
Name of the product   Company Cat. # 
Rabbit Anti-Guinea Pig IgG-H (HRP congugated) Invitrogen 61-4620 
Goat anti-mouse IgG (H+L) (HRP congugated) Invitrogen G21040 
Goat anti-rabbit IgG (H+L) (HRP congugated) Invitrogen G21234 
Goat anti-rat IgG (H+L) (HRP congugated) Invitrogen A10549 
Goat Anti-Mouse lgG (H+L) Biotinylated Vector Lab BA-9200 
Alexa Fluor 488 goat anti-rat IgG (H+L) Invitrogen A11006 
Alexa Fluor 568 goat anti-rat IgG (H+L) Invitrogen A11077 
Alexa Fluor 488 goat anti-mouse IgG (H+L) Invitrogen A11029 
Alexa Fluor 568 goat anti-mouse IgG (H+L) Invitrogen A11031 
Alexa Fluor 488 goat anti-rabbit IgG (H+L) Invitrogen A11034 
Alexa Fluor 568 goat anti-rabbit IgG (H+L) Invitrogen A11036 
Alexa Fluor 488 goat anti-guinea pig IgG (H+L) Invitrogen A11073 
Alexa Fluor 568 goat anti-guinea pig IgG (H+L) Invitrogen A11075 
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2.1.7. Cell lines 

 
Table 2.3. Cell lines 
Cell line ATCC designation Origin Medium 
BHK-21 CCL-10 Baby hamster kidney DMEM with 10% FCS,  

1%Peniciline-streptomycin,  
1%L-Glutamin 

NIH/3T3 CRL-1658 NIH/Swiss mouse embryo RPMI with 10% FCS,  
1%Peniciline- streptomycin,  
1%L-Glutamin 

HepG2 HB-8065 Human liver  
hepatocellular carcinoma 

RPMI with 10% FCS,  
1%Peniciline- streptomycin,  
1%L-Glutamin 

 

2.1.8. Plasmid clone list 

 

K8 and K18 constructs were obtained from M.B. Omary laboratory (Molecular & 

Integrative Physiology, University of Michigan, AA, MI, USA) 

Table 2.4. Expression vectors 
Fragments cloned in expression vector Primers for sequencing 
Human K8 wild type -pcDNA3.0 K8-BamHI 
Human K18 wild type -pcDNA3.0 K18-KpnI 

 

2.1.9. Bacterial strain 

 

Competent cell Company Genotype 
XL-1 Blue  Stratagene recA1 endA1 gyrA96 thi-1 hsdR17 supE44 relA1 lac [F´ 

proAB lacIqZΔM15 Tn10 (Tetr)]. 
 

2.1.10. Oligonucleotides (Primers) 

All primers were synthesized either by Sigma Genosys, The Woodland, TX, US or 

by Biomers, the Serco Industrial Park West in Ulm/Donau, Germany. Primers were 

designed using the program “Primer3 Input (version 0.4.0)” and the data available at 

http://www.ncbi.nlm.nih.gov. Alternatively, previously published primers were used. 

 

2.1.11. Primers used for genotyping 

 
Table 2.5. Primers used for genotyping of human K8 overexpressing mice  

Primers  Sequence Lenght (bp) GC% Tm (°C)  
Product  
lenght (bp) 

F 5'-ggcggcggctatggtggggcc -3' 21 80 76 
K8-Scn 

R 5'-agatgtgcatagggaccggga -3' 21 57 66 
248  

http://www.ncbi.nlm.nih.gov/�
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2.1.12. Primers used for PCR [131] 

 
Table 2.6. Primers used for human studies 

Primers  Sequence Lenght (bp) GC% Tm (°C) 
Product  
lenght (bp) 

F 5'-tgcctctaccatgtccatca-3' 20 50 60 
K8-Exon1 

R 5'-cgggactaccaggagaaagg-3' 20 60 64 
392 

F 5'-tagacctttttgctctctcct -3' 21 42 60 
K8-Exon2 

R 5'-gagcaggtgacttcagttggg -3' 21 57 66 
282 

F 5'-ctcatatcctcatctctgtga -3' 21 42 60 
K8-Exon3 

R 5'-acttaggaatatttagggaca -3' 21 33 56 
279 

F 5'-tggcaactagaaagtcctgtg -3' 21 47 62 
K8-Exon4 

R 5'-agcctctggttgagtctcagg -3' 21 57 66 
279 

F 5'-cacttgccctcttccccacag -3' 21 61 68 
K8-Exon5 

R 5'-cacccccaacccggcccatac -3' 21 71 72 
333 

F 5'-catacccaacctgacctacttacc -3' 24 50 72 
K8-Exon6 

R 5'-agaacaacaggaccccaagtc -3' 21 52 64 
369 

F 5'-tgaccggacctgcttccctat -3' 21 57 66 
K8-Exon7 

R 5'-aggtcactgtgagcgactgag -3' 21 57 66 
293 

F 5'-tacctctgtccctcaccagg-3' 20 60 64 
K8-Exon8 

R 5'-ctcctgttcccagtgctacc-3' 20 60 64 
300 

F 5'-caaagcctgagtcctgtccttt-3' 22 50 66 
K18-Exon1 

R 5'-agttgaggtccctcctaccccttac-3' 25 56 78 
481 

F 5'-ctggctttctattcatggaac -3' 21 42 60 
K18-Exon2 

R 5'-aactacccagcctggggagca -3' 21 61 68 
201 

F 5'-cctctgatcacctccactcct -3' 21 57 66 
K18-Exon3 

R 5'-ggccagtggcccctgcttgc-3' 20 75 70 
202 

F 5'-cacttttgcccctgtcacctttag -3' 24 50 72 
K18-Exon4 

R 5'-gtctgcctccctcccacacctt-3' 22 63 72 
237 

F 5'-ctgccaaggtgtgggagggag -3' 21 66 62 
K18-Exon5 

R 5'-aggtgatgtgaaggcactcac -3' 21 52 62 
211 

F 5'-cagaaggccagcttggagaac -3' 21 57 66 
K18-Exon6 

R 5'-atctcctgatcccagcacgtg -3' 21 57 66 
270 

F 5'-gggcttggtcttctgttacag -3' 21 52 64 
K18-Exon7 

R 5'-gggtaccctgcttctgctggc -3' 21 66 70 
163 

 

2.1.13. Primers used for quantitative real-time-PCR (QRT-PCR) [134, 137]: 

 
Table 2.7. Primers used for QRT-PCR 

Primers  Sequence Accession# Product lenght (bp) 

F 5’-gaagaactggactgtcccaacc-3’ 
Col1a1 

R 5’- gggtccctcgactcctacatctt-3’ 
NM_007742.3 109 

F 5’- cctggagaagagctacgaactgc-3’ 
SMA 

R 5’- gactccatcccaatgaaagatgg-3’ 
NM_007392.2 

108 
 

F 5’- gcctgagtggctgtcttttga-3’ 
TGF- 

R 5’- gctgaatcgaaagccctgtatt-3’ 
NM_011577.1 85 

F 5’- ctgtctcctgcttctcctcct-3’ 
Hamp 

R 5’- ggctgcagctctgtagtctgt-3’ 
NM_032541.1 84 

F 5’- gaaaggcaaggaggaagctcatct-3’ 
L7 

R 5’- aatctcagtgcggtacatctgcct-3’ 
AK017074.1 81 
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2.1.14. Primers used for site-directed mutagenesis and sequencing of keratin 8 

and 18 constructs 

 
Table 2.8. Primers used for site directed mutagenesis-mutagenic primers 

Primers  Sequence Lenght (bp) Tm (°C) 

F 5'- ggctctggttccccgatctccgtgtcc -3' 27 80.1 
K18-R45P 

R 5'- ggacacggagatcggggaaccagagcc -3' 27 80.1 

 
 

Table 2.9. Primers used for sequencing of keratin 8 and 18 constructs 

Primers  Sequence Lenght (bp) Tm (°C) 

K8-BamHI  5’-aacggatccgccaccatgtccatcagggtgacccag -3' 36 71.3 

K18-KpnI  5'- atggtaccgccaccatgagcttcaccactcgctc -3' 34 69.2 

 
 

2.1.15. Animals 

 
Table 2.10. Mice strains 
Mice strain Laboratory 
FVB/N Charles River 
Human K8 wild type overexpressing mice 
(FVB/N background) 
Human K8-G62C overexpressing mice 
(FVB/N background) 

M. Bishr Omary (Mol.&Integ. 
Physiology, University of Michigan, AA, 
MI, US) [60] 
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2.1.16. Buffers 

 
Buffers Compositions of buffers 
 
TX buffer: 

 
1% TritonX-100 
5 mM EDTA in PBS (pH:7.4) 
1mM PMSF 
0.2 % Proteinase inhibitor cocktail 
 

EDTA/PBS buffer: 5 mM EDTA/ 1x PBS 
1mM PMSF 
0.2 % Proteinase inhibitor cocktail 
 

PBS-T: 0.2% Tween-20 / 1xPBS 
 

Acetate-citrate buffer (pH 6.5): 
 

20 ml 2M citric acid 
2.4 ml glacial acetic acid 
40 ml 2M sodium acetate 
85 ml 2M NaOH 
52.6 ml distilled water 
 

Chloramines-T in acetate-citrate buffer  
(56 mmol/L):  

1,58 g chloramines-T/100 ml acetate-citrate  
buffer (pH 6.5) 
 

Resolving Gel Buffer: 1.5 M Tris-HCl/H2O (pH 8.8) 
 

Stacking Gel buffer: 0.5 M Tris-HCl/H2O (pH 6.8) 
 

2x Laemmli Buffer ( Reducing): 
 
*Nonreducing Laemmli buffer was prepared  
without β-Mercaptoethanol. 
 

125 mM Tris-HCl ( pH 6.8) 
4% SDS 
20% Glycerol 
4% β-Mercaptoethanol 
0.01% Bromophenol blue 
 

Homogenization buffer : 0.187 M Tris-HCl ( pH 6.8) 
3% SDS 
5 mM EDTA 
 

10 mM FeNTA (Ferric nitrilotriacetate ) solution: 31.02 mg ammonium iron(III) citrate 
10 mL 20 mM NTA (nitrilotriacetic acid) 
90 mL H2O 
 

Iron staining buffer: 24 mM potassium hexacyanoferrate(2)  
trihydrate /0.5%HCl 
 

Nonidet-P40 (NP-40) buffer: 
 

20 mM Tris HCl pH 8 
137 mM NaCl 
10% glycerol 
1% nonidet P-40 
2 mM EDTA 
0.2 % Proteinase inhibitor cocktail 
 

Ripa Buffer: 
 

Tris 50mM 
NaCl 150 mM 
SDS 0.1 % 
Na.Deoxycholate 0.5 % 
Triton X 100 or NP40 1% 
0.2 % Proteinase inhibitor coctail 
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Buffers 
 

Compositions of buffers 
 

Coomassie Brillant Blue Staining  
Formulation (per L) 

0.5 g of coomassie R250 
250 mL of Isopropanol (2-Propanol) 
100 mL of acetic acid 
650 mL of dH2O 
 

Coomassie De-staining  
Formulation (per L) 

95 mL of Isopropanol (2-Propanol) 
95 mL of acetic acid 
810 mL dH2O 
 

TBS-T 20 mM Tris/HCl, pH 7.6 
137 mM Sodium chloride 
0.2 %  Tween 20 
 

IF bloking buffer  2.5% wt/vol BSA/PBS 
2% goat serum 
 

Kinase Assay Buffer I, (pH 7.2 ) 
 

25 mM MOPS (pH 7.2),  
12.5 mM β-glycerolphosphate,  
25 mM MgCl2,  
5 mM EGTA,  
2 mM EDTA.  
0.25 mM DTT (add prior to use)  
 

Kinase Dilution Buffer III  
 

Kinase Assay Buffer I diluted (5X dilution)  
with 50 ng/μL BSA solution (1:4 ratio) 
 

Active p38α reaction buffer 
 

Active p38α (0.1 μg/μL) diluted with Kinase  
Dilution Buffer III (1:9 ratio) 
 

ATP Stock Solution (10 mM) 
 

55 mg of ATP in 10 mL of Kinase Assay Buffer I. 
 

[32P]-ATP Assay Cocktail (250 μM)  
 

150 μL of 10 mM ATP Stock Solution,  
100 μL of [32P]-ATP (1 mCi/100 μL) 
5.75 mL of Kinase Assay Buffer I. 
 

Kinase assay Substrate buffer(0.5 mg/mL.) 
 

50 mM Tris-HCl (pH 7.2),  
50 mM NaCl,  
5 mM EDTA,  
0.25 mM DTT 
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2.2.Methods 

2.2.1. Human subjects 

 

The Hepatitis C Antiviral Long-Term Treatment Against Cirrhosis (HALT-C) Trial 

To determine the impact of keratin variants on liver disease development in patients 

with chronic hepatitis C viral infection, we analyzed 1222 adult patients prospectively 

identified and consecutively enrolled (2000-2009) at 10 US centers participating in the 

Hepatitis C Antiviral Long-Term Treatment against Cirrhosis Trial Study Group 

(http://haltctrial.org , The HALT-C Trial was registered with www.clinicaltrials.gov 

(#NCT00006164)) . Briefly, the HALT-C trial was a randomized, controlled prospective 

study of the safety and efficacy of pegylated interferon alfa-2a (Pegasys ®, Hoffmann-

LaRoche, Basel, Switzerland) treatment in patients with advanced chronic hepatitis C 

(Ishak stage 3-6) who had not previously responded to interferon treatment (either with or 

without ribavirin) (Figure 2.1 and 2.2) and who had a CTP score <7 (Table 2.11). Patients 

with other co-existent liver disease, history of hepatic decompensation or HCC, HIV 

infection, active illicit drug use, or current alcohol abuse, poorly controlled diabetes 

mellitus, pregnant or breast feeding woman were excluded. Patients who did not respond to 

previous treatment with interferon (either with or without ribavirin) were re-treated 

initially with pegylated interferon alfa-2a (Pegasys®, Hoffmann-LaRoche, Basel, 

Switzerland)  in a dose 180 µg/week parenterally and ribavirin (Hoffmann-LaRoche, 

Basel, Switzerland) in a dose  1.0-1.2 g/day orally for 24 weeks ( the lead-in treatment). 

Patients who became HCV-RNA negative at week 20 continued treatments until week 48. 

Patients who remained HCV-RNA positive (lead in non-responders) were randomly 

assigned at week 24 to treatment with pegylated interferon alone (90 µg/week) for 

additional 42 months, or the treatment was discontinued. Patients who demonstrated return 

of viremia during (lead in breakthrough) or after (lead in relapsers) their 48-week treatment 

periods were also involved in the randomization. Patients who were treated outside the 

HALT-C trial but otherwise met all study criteria were also enrolled in the maintenance 

phase (express) (Figure 2.1 and 2.2). Informed consent was obtained from each patient in 

the study. Study protocol was approved by the HALT-C Ancillary Studies Committee. The 

HALT-C patients’ dataset was provided by the HALT-C Data Coordinating Center (New 

England Research Institutes, Watertown, MA) under a data use agreement. Information on 

demographic variables and other variables of interest were assessed through patient 

http://haltctrial.org/�
http://www.clinicaltrials.gov/�
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interviews. Race and ethnicity were categorized into Non-Hispanics Caucasians, African 

Americans, Hispanics and others (including Asian/Pacific Islander, American 

Indian/Alaskan Native or unknown). 

Baseline information included demographic data, body mass index (BMI), 

Logarithmic format of  amount of hepatitis virus RNA, duration of infection, daily alcohol 

consumption (average of grams alcohol/day), history of diabetes, genotype of virus and 

ethnic/race background included.  

Liver biopsies were taken at the beginning of the study and 1.5 and 3.5 years after 

randomization. All biopsy specimens were analysed and scored for inflammation (0 –12), 

fibrosis (0 – 6), zone 3 pericellular fibrosis (0 –2), steatosis (0 – 4), and iron (0 –3), MDBs 

(present or absent) and other histologic features by a panel of hepato pathologists [112]. 

Clinical assessment and blood tests were performed at each visit, and surveillance for HCC 

was performed in according to the protocol [122]. Patients were followed up for a median 

of 6.1 years (up to 8.7 years) for clinical outcomes (such as increase in CTP score to ≥7 on 

2 consecutive occasions, variceal bleeding, ascites, spontaneous bacterial peritonitis, 

hepatic encephalopathy, liver transplantation, HCC and/or liver-related death) 

(www.haltctrial.org). 

All lead-in and express patients had a baseline liver biopsy performed within 12 and 

18 months before enrolment, respectively, and at least 2 months after the last course of 

interferon [122].  

 

Table 2.11. Scoring of Child-Turcotte-Pugh (CTP) for grading severity of liver 
disease 

Measure 1 point 2 points 3 points 
Total bilirubin, μmol/l  <34 34-50 >50 
Serum albumin, g/l >35 28-35 <28 
PT INR (prothrombin time  
international normalized 
ratio)  

<1.7 1.71-2.30 > 2.30 

Ascites None Mild 
Moderate to 

Severe 

Hepatic encephalopathy None 
Grade I-II (or suppressed 

with medication) 
Grade III-IV 

(or refractory) 
CTP score is obtained by adding the score for each parameter. Each measure is scored 
1-3, with 3 indicating most severe derangement. 

 

 

http://www.haltctrial.org/�
http://en.wikipedia.org/wiki/Serum_albumin�
http://en.wikipedia.org/wiki/Prothrombin_time#International_normalized_ratio�
http://en.wikipedia.org/wiki/Ascites�
http://en.wikipedia.org/wiki/Hepatic_encephalopathy�
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Figure 2.1. The overall study design in HALT-C. Schematic was adapted from 
http://haltctrial.org. 
 

 

Figure 2.2. Virological responses in HCV infection after therapy. RVR, rapid 
virological response (clearance of HCV from serum by week 4 using a sensitive PCR-
based assay); EVR, early virological response (at least 2 log10 (100 times) reduction in 
HCV RNA level compared to baseline HCV RNA level or HCV RNA negative at 
treatment week 12); SVR, sustained virological response (HCV RNA negative 24 weeks 
after cessation of treatment); relapse, reappearance of HCV RNA in serum after therapy is 
discontinued; nonresponder, failure to clear HCV RNA from serum after 24 weeks of 
therapy; partial nonresponder , 2 log decrease in HCV RNA but still HCV RNA positive at 
week 24; null nonresponder, failure to decrease HCV RNA by at least 2 log10 (100 times) 
after 24 week of therapy [30]. 
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Hemochromatosis patient cohort [130] 

To determine the impact of keratin variants on liver disease development in 

patients with hemochromatosis, we analyzed 199 homozygous carriers of the HFE C282Y 

mutation, who were recruited in five medical centers in Austria (Vienna, Salzburg, and 

Innsbruck) and Germany (Regensburg, Erlangen) between 1991- 2005. 37 out 199 samples 

were excluded since some of them had no data available or could not be amplified. The 

presence of the HFE mutation was confirmed by standard genetic testing [46]. All patients 

underwent liver biopsy and the liver sections were evaluated by two independent 

pathologists [103, 128] using the Ishak score [41]. Fibrosis stages 5 and 6 corresponded to 

cirrhosis. The cut-off criteria for significant alcohol consumption were: <20g/day (females) 

and <40g/day (males) [103, 128]. The presence of major liver disorders (e.g., viral 

hepatitis, heavy alcohol consumption, Wilson disease, primary biliary cirrhosis) was 

excluded by the appropriate clinical workup [128]. The liver-healthy control subjects were 

recruited in the medical centers of Bern (Switzerland) and Erlangen (Germany). Serum 

iron (normal, 40–150 mg/dL), ferritin (normal, 18–440 mg/L in men, 8–120 mg/L in 

premenopausal women and 30–300 mg/L in postmenopausal women) and transferrin 

(normal, 200–360 mg/dL) were measured by commercially available routine tests. The 

hepatic iron index (HII) was calculated by dividing the hepatic iron concentration (HIC) by 

the age of the patients (in years) and by the molecular weight of iron. Transferrin 

saturation (normal, 16–45%) was calculated as follows: (serum iron x 70.9)/ (serum 

transferrin) [103].  

 

2.2.2. Animal experiments 

 

Previously described transgenic mice overexpressing human keratin 8 wild type (K8 

WT), K8 G62C variant (K8 G62C) [60] as well as non-transgenic littermates on FVB/N 

background were used (Table 2.10). Transgenic mouse genotyping was performed as 

described (see 2.2.3.15; Tables 2.5, 2.17, 2.18) [60]. The animals had free access to water 

and diet (5001 Labdiet, Brentwood, MO) under standardized conditions (12 hours 

day/night cycle, 21-24 oC, humidity 45-55%). Mice were sacrificed by CO2 inhalation or 

used for primary hepatocyte isolation under anesthesia (see 2.2.3.1).  Blood samples were 

obtained by cardiac puncture. Livers were removed, and cut into pieces for snap freezing 

in the liquid nitrogen for biochemical analyses (protein extraction etc) or snap freezing in 

methylbutanol for immunofluorescence staining. Alternatively, fixation in 10% 
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formaldehyde was performed for histological staining, and submerging into RNAlater 

stabilization reagent (Qiagen) was used for RNA analyses. The experiments list and 

animals used for in vivo experiments are summarized in Table 2.10 and 2.12. 

 
Table 2.12. Summary of animal experiments   

Experiment Treatment and diet Time 
# of mice, 

sex, age at the beginning 
of the experiments 

Iron overload 
(See 2.2.2.1) 

ad libitum 
3% carbonyl iron 

containing  standard diet 
One month 

4 male/ group, 
3-4 months old 

Primary Hepatocyte 
Isolation (See 2.2.3) 

ad libitum standard diet  
4 male/ group, 
4-5 months old 

100 mg TAA/kg mouse weight 
diluted in 0.9% NaCl) (i.p.); 

ad libitum standard diet 

Three times 
per week for 15 

weeks 

8-10 female/ group, 
3 months old 

0.2 mL CCl4 /kg mouse weight 
diluted in olive oil (i.p.); 
ad libitum standard diet 

Twice a week 
for 12 weeks 

8-10 female/ group, 
3 months old 

Fibrosis Development  
in liver [137] 
(See 2.2.2.1) 

Bile duct ligation; 
ad libitum  standard diet 

3 weeks after 
bile duct 
ligation 

8 female/ group, 
3 months old 

The K8 WT and K8 G62C overexpressin mice for each experiment. Control mice were fed ad libitum 
standard diet. TAA: Thioacetamide;  CCl4: Carbon tetrachloride;  
 
 
2.2.2.1. Liver fibrosis models 

 

To study whether the presence of keratin variants affects liver fibrosis development, 

previously described transgenic mice overexpressing human wild-type K8 (K8 WT) or the 

K8 G62C variant (Table 2.10 and 2.12) were treated with TAA or CCl4 as described [137]. 

Briefly, 3-month-old female mice were injected intraperitoneally with 0.2 mL CCl4/kg 

mouse weight diluted in olive oil twice a week for 12 weeks or with TAA (100 mg/kg 

mouse weight diluted in 0.9% sodium chloride) 3 times per week for 15 weeks (Table 

2.12). In both cases, 100 μL/25 g mouse weight was injected. Mice were sacrificed 72 and 

48 hours after the last injection, respectively.  

As another liver fibrosis model, bile duct ligation was performed on 3-month-old 

female mice. Briefly, the common bile duct was exposed after laparoscopy, two double 

knots were placed proximally and distally, and the part of the bile duct between the 2 

double knots was cut through.  
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2.2.2.2. Mice iron overload experiment  

 

To study whether the presence of keratin variants affects hepatic iron accumulation, 

previously described transgenic mice (3-4 months old, four males/group) overexpressing 

human wild-type K8 (K8 WT) or the K8 G62C variant (Table 2.10 and 2.12) were fed ad 

libitum with 3% carbonyl iron (Sigma-Aldrich, Germany)-containing diet (5001 Labdiet, 

Brentwood, MO) for one month. Age-matched male mice kept on a standard diet were 

used as controls.  

 

2.2.2.3.Clinical chemistry, serum and hepatic iron measurements 

 

Analyses of clinical chemistry parameters were performed in Department of 

Integrative and Molecular Physiology (University of Michigan, MI, USA) or carried out at 

the central laboratory of the University Hospital of Ulm (Department of Clinical 

Chemistry, Ulm, Germany). HIC was measured by atomic absorption spectrometry at 

“Diagnostic Center for Population and Animal Health of Michigan State University (MI, 

US)” and is expressed as µg/g of dry liver tissue weight.  

 

2.2.3. Cell culture experiments 

 

2.2.3.1.Primary hepatocyte isolation 

 

Primary mouse hepatocytes were isolated by the two-step liver perfusion method. 

Briefly, mice (Table 2.10) were anesthetized with Isoflurane and portal vein was 

punctured.  Inferior vena cava was cut through to allow for efficient perfusion and the liver 

was washed with Liver Perfusion medium preheated to 37°C (Gibco 17701, Invitrogen, 

Darmstadt, Germany) for 8–10 min. Then, liver was digested via perfusion with pre-

warmed 67 µ/mg Worthington type I collagenase-containing DMEM medium 

(CellSystems Biotechnologie Vertrieb GmbH, Troisdorf, Germany) for 5 min. Extirpated 

livers were transferred into plates filled with pre-cooled DMEM including 10% fetal calf 

serum (FCS) (4°C). Cell suspension was collected, filtered through 100 µm-cell strainers 

(BD Falcon 9322799, Heidelberg, Germany) and centrifuged at 50g for 1 min at room 

temperature (RT). To increase the viability of isolated primary hepatocyte, the percoll 
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centrifugation method was used. The cells were re-suspended in Percoll/DMEM/PBS 

(1:1:0.3) mixture and centrifuged at 50g for 15 minutes at RT. Cell viability was examined 

by the Trypan blue exclusion test. The pellet was washed three times, and the isolated cells 

were cultured in hepatocyte culture medium (Gibco Hepatozym-SFM 17705, Darmstadt, 

Germany) supplemented with 10% FCS, 1% penicillin-streptomycin and L-Glutamine and 

were kept on 60-mm collagen-coated culture dishes (BD Falcon Biocoat collagen 1 

354401) at a density of 4 × 105 cells/4 ml for further studies. The medium was replaced 

after 4 hours and after overnight culture.  

 

2.2.3.2.Cell lines 

 
The table 2.3 summarizes cell lines and the corresponding mediums used 

throughout the thesis.  

 

2.2.3.3.Stimulation of primary hepatocyte culture with iron 

 

To mimic the acute iron toxicity, hepatocytes were subjected to 100 µM ferric iron-

nitrilotriacetic acid complex (FeNTA) for 48 hours with the molar ratio of NTA/Fe3+ of 

(2:1) (see 2.1.11). Untreated cells or cells treated with 100µM nitrilotriacetic acid (NTA) 

without Fe were used as controls. FeNTA solution was prepared according to the method 

of White and Jacobs [92, 161].with some modifications. Briefly, after preparation of 20 

mM NTA, 31.02 mg ferric ammonium citrate were added into 10 mL 20 mM NTA, and 

after complete solubilisation of FeNTA, the pH was adjusted to 7 with sodium bicarbonate. 

The final concentration of ferric iron was 10 mM. 

 

2.2.3.4.Cultivation and passaging of the hepatocytes and cell lines 

 

BHK-21 (baby hamster kidney) and NIH-3T3 (mouse fibroblast) were used for 

keratin 8 and keratin 18 transfection, and HepG2 cell line was used as a positive control of 

wild type K8/18.  These adherent cell lines were cultured in appropriate medium (Table 

2.3) supplemented with 10% FCS, 1% penicillin/streptomycin. Cells were kept in tissue 

culture plates (Sarstedt, Nümbrecht) at 5 % CO2 and 37°C. To split the adherent cells, they 

were washed with 1x PBS and incubated with Trypsin-EDTA for 3 min at 37°C. After the 

incubation time fresh medium was added, cells were re-suspended, counted in a Neubauer 
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hemocytometer and plated in the desired dilution on new tissue culture plates. All cell lines 

were obtained from American Type Culture Collection and cultured as recommended by 

the supplier.  

 

2.2.3.5.Stimulation of transfected cell line for hyperphosphorylation and oxidative 

stress 

To determine the effect of hyperphosphorylation of keratin variants on K8/18 

phosphorylation status and solubility, the cell lines were incubated with the phosphates 

inhibitor okadaic acid (OA, 1 µM final concentration) for 30 minutes at 37°C. To detect 

the effect of keratin variants on K8/18 distribution and biochemical properties under 

oxidative stress conditions, the cell lines were incubated with hydrogen peroxide (H2O2, 1 

mM final concentration) for 45 minutes at 37°C. 18 h after transfection BHK-21 or NIH-

3T3 cells were first treated with OA or H2O2 and then collected for total protein extraction 

(see 2.2.4.2), and soluble Triton X fraction (see 2.1.11 TX buffer) or immunoprecipitation 

(see 2.2.4.7).  

 

2.2.3.6.Freezing and thawing of cells 

 

For long-term storage, cells were harvested in 1xPBS, pelletted at 1200 rpm for 5 

min and re-suspended in freezing medium 10% DMSO in DMEM containing 50% FCS. 

Cells were put into cryovials, placed in isopropanol-filled cryo-containers and frozen at -

80°C for 48 h. Afterwards, they were kept in liquid nitrogen for long term storage.  

For further use, cells were rapidly thawed in 37 oC warm water-bath and re-

suspended in 37 oC warm medium. To pellet the cells, they were then centrifuged at 1200 

rpm for 5 min. The pellet was washed with 1xPBS and cells were plated in the appropriate 

medium supplemented with 10% FCS, 1% penicillin and streptomycin. Next day, medium 

was replaced to remove all traces of DMSO.  

 

2.2.3.7.Transfection of cells via lipofection 

 

To study the impact of  keratin variants (either wild type or point mutated keratins) 

in vitro, BHK-21 cell line (baby hamster kidney) were transfected with transfection agent 

Lipofectamine 2000® (Invitrogen) and used for biochemical studies, while NIH-3T3 cell 

line (mouse fibroblast) were transfected with Lipofectamine LTX® (Invitrogen) and used 
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for immunofluorescence experiments. Transfections were performed according to the 

manufacturer’s instructions. Briefly, for immunoblots, cells placed into six-well plates and 

3–4 µg of total DNA/well was used, while for immunostaining, cells were put into four-

chamber cell culture slides (BD Biosciences) and 0.5 µg of total DNA/well was added. 

Before transfection, the culture medium was replaced by appropriate transfection medium 

(2.6.) which contained 10% FCS but neither penicillin nor streptomycin. K8 and/or K18 

constructs were mixed with transfection agents and OPTI-MEM medium (Invitrogen) and 

the cell lines were inoculated with these mixtures (Table 2.13). Biochemical analyses and 

immunofluorescence staining were performed 18 h after transfection.  

 

Table 2.13. Transfection mixtures 
 BHK-21 cells  NIH-3T3 cells 
Transfection 
Mixtures 

For 6-well plate  
(500 µL/well) 

 
For 4-chamber slide 
(100 µL/chamber)   

DNA 4 µg  0.5 µg 
Lipo2000 10 µL  - 
Plus Reagent -  0.5 µL 
Lipo LTX -  1.5 µL 
OPTI-MEM 500 µL  100 µL 

 

2.2.3.8.Molecular biology methods 

2.2.3.9.Bacterial culture and bacterial growth medium 

 

Competent bacteria used to amplify DNA constructs were growth in bacterial 

growth medium (agar and broth base). To prepare the medium, LB Agar (Lennox L Agar, 

InvitrogenTM) (20 g/Liter) and LB Broth Base (Lennox L Broth Base®, InvitrogenTM) (32 

g/Liter) were dissolved in distilled water, autoclaved and cooled to 50°C. Afterwards, the 

appropriate antibiotics were added (Ampicillin; 100 μg/ml) to select the bacteria containing 

the desired specific plasmid. The LB-agar solution was poured into 10 cm Petri dishes and 

the dishes were stored at 4°C.   

 

2.2.3.10.Site directed mutagenesis 

 

To generate the single point arginine to praline mutation (K18 R45P), the human 

K18 cDNA inserted into vector pcDNA3.0 was used .The mutagenic primers (Table 2.8) 

were designed using the Stratagene’s QuikChange® Primer Design Program which can be 
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found on the Stratagene’s web page (http://www.stratagene.com). The mutagenesis was 

performed with the QuikChange® site directed mutagenesis kit (Stratagene) following the 

supplier’s instructions. PCR (for reaction mixture and PCR program see Table 2.14 and 

2.15) and PfuTurbo DNA polymerase (2.5 U/ µL) were used to incorporate the mutagenic 

primers into the circular plasmid strands. PfuTurba DNA polymerase has nonstrand-

displacing action and it means when it hits the primer it will automatically stop.  All DNA 

products will be methylated in E. coli, so do the template parental DNA. Afterwards, the 

methylated, non-mutated parental DNA template (50 µL) was digested with 1µL DpnI 

restriction enzyme which is specific for methylated DNA (10 U/µL; incubation at 37 oC for 

1h) to obtain mutated plasmid which contains nicked (cleaved) circular strands. Then, the 

mutated plasmid constructs were transformed into the competent cells (see 2.1.8). The 

human K8 and K18 cDNA inserted into vector pcDNA3.0 were provided kindly from 

M.B. Omary. The correct sequence of wild type and mutant keratin constructs were 

confirmed by DNA sequencing. 

 

Table 2.14. Site directed mutagenesis reaction mixture 
10x reaction buffer 5 µl 
dsDNA template (10 ng/ µl) 5 µl 
dNTP-Mix (10 mM/each) 1 µl 
Mutagenic Primer F  (100 ng/ µl) 1.25 µl 
Mutagenic Primer R (100 ng/ µl) 1.25 µl 
Pfu Turbo DNA polymerase (2.5 U/ µl) 1 µl 
H2O 35.5 µl 
Total reaction volume 50 µl 

 
Table 2.15. PCR Program for site directed mutagenesis 
Temperature Phase Time # of Cycle 

95°C  
Initial DNA denaturation and 
enzyme activation  

1 min  1  

95°C  DNA denaturation 30 s  
55°C  Annealing  1 min 
68°C  Extension  7 min  

22 

68°C  Final Extension  7 min  1  
4 °C Conservation forever ∞ 

 
 
2.2.3.11.Transformation of E. coli and plasmid isolation 

 

To amplify K8 or K18 constructs, the vectors were transformed into bacteria. To 

that end, a transformation-competent XL1-Blue E. coli bacteria strain was used. 50 µL of 

http://www.stratagene.com/�
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the competent cells were thawed on ice. Next, 1µg of plasmid DNA was added directly to 

the competent cells and incubated on ice for 30 min for maximum transformation 

efficiency. The cells were subjected to heat shock to induce holes into on cell membrane 

and make DNA free to enter into the bacteria by incubating at 42°C for 45 seconds (time is 

critical) and then incubated on ice for 2 min to recover of bacteria membrane. Afterwards, 

450 µL SOC medium, optimal growth and recovery medium for E. coli, (42°C) was added 

to the cells and incubated at 37°C for one hour under continuous shaking at 250 rpm. Then, 

the transformed bacteria were spread over LB-ampicillin agar dishes and were growth for 

16 hours at 37°C. After that, single colonies were picked, placed into 5 mL of LB-

ampicillin broth medium and incubated for 16 hours at 37°C under continuous shaking at 

250 rpm. For long-term storage at, E. coli cultures were placed in glycerol stocks and kept 

at -80oC. To do so, 850 µL of the bacterial culture with an OD600 value of 0.6 (equivalent 

to 5x108 of bacteria) and 150 µL of 80% sterile glycerol in water were mixed and filled 

into a cryotube and shock frozen in liquid nitrogen. The remaining bacteria were used for 

plasmid DNA isolation using QIAGEN Plasmid Mini Kit (Qiagen). To check the sequence 

of the amplified constructs, they were sequenced  for primers (Table 2.9). To obtain larger 

amounts of the desired construct, the bacteria avaible in glycerol stock were further 

amplified. To do this, stocks were diluted 1:1000 in LB Broth medium, i.e. 100μl of 

bacterial suspension was inoculated into 100 ml of LB medium and bacteria were grown at 

37°C for 16 h under continuous shaking at 250 rpm until they reach a density of 

approximately 3-4×109 cells/ml, which corresponds to OD600 of 1-1.5. The bacterial cells 

were harvested by centrifugation at 6,000 g for 15 minutes at 4°C and plasmid DNA was 

isolated using QIAGEN Plasmid Midi Kit (Qiagen) according to the manufacturer’s 

instructions (see 2.2.3.12). The resulting DNA pellet was dissolved in dH2O. The DNA 

concentration and purity were determined as described at 2.2.3.14 and plasmid DNAs were 

used for further experiment (transformation or transfection).  

 

2.2.3.12.Isolation of DNA 

 

Genomic DNA was isolated from either peripheral whole blood or liver tissue using 

an established DNA isolation kit (DNeasy Blood & Tissue Kit, Qiagen GmbH, Hilden, 

Germany) according to manufacturer’s protocol. First, a proteinase K digestion was 

performed in order to digest the tissues, cells and to release DNA. The lysate was 

centrifuged over a silica-gel membrane where the DNA binds in the presence of high 
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concentrations of chaotropic salt which denature the proteins and the DNA was purified by 

successive washing with ethanol containing wash buffers and centrifugation steps. The last 

step was to elute the purified DNA with 50 μl of DNase free low-salt buffer such as water.. 

Isolated DNA was stored at -20°C.  

 

2.2.3.13.Isolation of RNA 

 

To protect the RNA, liver tisues were placed in RNAlater and RNA was isolated 

using an established RNA isolation kit (RNeasy Mini Kit, Qiagen GmbH, Hilden, 

Germany), according to manufacturer’s protocol. Briefly, after lysed in the presence of a 

highly denaturing guanidine-thiocyanate–containing buffer which immediately inactivates 

RNases and homogenized the samples for RNA isolation, ethanol was added and loaded 

onto a silica-gel membrane where RNA in high-salt buffer binds and the RNA was purified 

by successive washing and centrifugation steps. The RNA obtained was eluted with 50μl 

of RNase free water. Storage of isolated RNA was performed at -80°C.  

 

2.2.3.14.Determination of DNA or RNA concentration and purity 

 

The DNA and/or RNA concentration and purity was determined using a Nanodrop 

spectrophotometer detection system (Nanodrop2000c, ThermoFischer). The Nanodrop 

system measures the DNA and RNA absorption maximum at 260 nm and the protein 

absorption maximum at 280 nm. For the successful application of the PCR, a DNA amount 

of 50 ng and RNA amount of 40 ng were used .The A260/A280 ratio of the absorbance is 

used to determine the DNA or RNA purity and should be between 1.8-2.0. To measure the 

DNA or RNA concentration, distilled water was used as a blank. Results were expressed in 

µg/µl.  

 

2.2.3.15.Polymerase chain reaction (PCR) 

 

The polymerase chain reaction (PCR) is commonly used method to amplify DNA 

in a short time. PCR leads to an exponential increase of the target DNA through the use of 

heat-resistance DNA polymerase. The maximase polymerase (Transgenomic) was used for 

amplifying human DNA fragments for subsequent denaturing high performance liquid 

chromatography (DHPLC) analysis. Maximase polymerase is a blend of Transgenomic T-
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Taq (a modified form of a DNA polymerase from Thermophillus aquaticus) and Optimase 

Polymerase (high fidelity polymerase with proofreading ability, isolated from a 

thermophilic Archaeal bacterium) (Transgenomic, Omaha, NE). The mixture of both 

enzymes allows both high amplification rates and high transcriptional accuracy. 1-10 µg of 

purified genomic DNA was used as a template. 5% Dimethyl sulfoxide (DMSO), was used 

to facilitates the amplification of GC-rich DNA fragments (GC> 60%). A PCR standard 

mixture (total 30 µl) was composed as described in Table 2.16 and the PCR reaction was 

programmed as shown in Table 2.17. The primers which were used are listed in (2.1.9.1). 

To detect a DNA contamination of the reaction mixture, the reaction without template 

DNA was performed as a negative control.  

The efficiency and specificity of PCR amplification was assessed by using 1% 

agarose gel containing intercalating agent Ethidium bromide (EtBr). Agarose gel allow to 

separates DNA fragments based on their size. EtBr intercalated between nucleic acid 

strains and fluoresce after exposed ultraviolet (UV) light and DNA was visualized (see 

2.2.3.17) for DNA electrophoresis system). To genotype the mice, a PCR analysing the 

presence of a human K8 DNA (Table 2.17., 2.18) was performed using K8-Scr primers 

(Table 2.5).  

Table 2.16. PCR mixture for amplification of human DNA  

10 x Buffer (with MgCl2) 
3 µl 
 

MgCl2 (25 mM) 3 µl 
dNTP-Mix (10 mM/each) 0.6 µl 
Oligonucleotide F (upstream) (10 pmol) 1 µl 
Oligonucleotide R (downstream) (10 pmol) 1 µl 
Maximase Polymerase (5 U/µl) 0.5 µl  
DNA-Template 1-10 µg 
DMSO 1.5 
H2O 17.4 µl 
Total reaction volume 30 µl 

 

Table 2.17. PCR Program for amplification of human DNA  
Temperature Phase Time # of repeats 

94°C  
Initial DNA denaturation and 
enzyme activation  

5 min  1  

94°C  DNA denaturation 30 s  
67°C-51°C Annealing*  30 s  

72°C  Extension  30-40 s  

40 ( based on 
the length of the 
amplified DNA 
fragments) 

72°C  Final Extension  5  min  1  
4 °C Storage forever  
*Annealing temperatures were chosen based on the melting temperature of the 



 Chapter 2 Materials and Methods 

 47

employed primers 
 

Table 2.18: PCR mixture for studying human DNA fragments for 
genotyping transgenic mice carrying human K8 constructs 
10 x Buffer (without MgCl2) 3 µl 
MgCl2 (25 mM) 2.4 µl 
dNTP-Mix (10 mM/each) 0.6 µl 
Oligonucleotide F (upstream) (10 pmol) 1 µl 
Oligonucleotide R (downstream) (10 pmol) 1 µl 
Fermentase Taq Polymerase (5 U/µl) 0.2 µl  
DNA-Template 1 µl 
H2O 20.8 µl 
Total reaction volume 30 µl 

 
 
2.2.3.16.DNA purification 

 

To remo e the primers prior to DNA sequencing, PCR products were purified using 

QIAquick PCR Purification Kit (Qiagen, Valencia, CA, USA) according to the 

manufacturer’s protocol. To provide optimal binding conditions, DNA was mixed with a 

binding buffer containing high salt concentration. The mixture was applied to silica-gel 

membrane. DNA was adsorbed to the membrane due to the high salt concentration and was 

purified by successive washing with ethanol-containing buffers. At the end, the purified 

DNA was eluted with distilled water.  

 

2.2.3.17.DNA electrophoresis system and DNA isolation from agarose gel 

 

1% agarose gels were used for the electrophoretic separation of DNA fragments To 

guarantee sufficient density of this samples and to visualize it, DNA was mixed with 1/5 

volume of the loading buffer (Orange G in 80% glycerol). 100 bp DNA marker 

(Fermentas) was used to estimate the size of the amplified DNAs. The gel was prepared 

and ran using 1xTBE buffer. DNA was visualized using  EtBr which is a dye that 

intercalates between the base pairs of dsDNA under UV light.  

QIAquick® Gel Extraction Kit (Qiagen, Valencia, CA, USA) was used for DNA 

fragment purification from the agarose gels. To do so, the bands were cut out from the gel 

under UV light and then DNA was purified following the manufacturer’s protocol using a 

silica-gel based column. The purified DNA was eluted with distilled water.  

 



 Chapter 2 Materials and Methods 

 48

 

2.2.3.18.Reverse transcription PCR (RT-PCR) 

 

To perform real time PCR (QRT-PCR) (see 2.2.3.19), the purified RNA was first 

transcribed into complementary DNA (cDNA) using Superscript II reverse transcriptase kit 

(Invitrogen). For the reaction 1-5 µg of total RNA was first incubated at 70°C to denature 

RNA secondary structure, and then it was quickly chilled on ice. The following 

components (Random primers, dNTP mix and DEPC treated water (Table 2.19) were 

added into the tube; incubated for 5 min at 65°C and quickly chilled on ice for 5 min. 

Subsequently we added 5xFirst Strand buffer and 0.1M DTT and incubated for 2 minutes 

at 25 oC.  At the end SuperScriptTM II reverse transcriptase was added, the transcription 

was performed for 2 minutes at 25 oC and 1 h at 42°C (for full activity of transcriptase) , 

and the transcriptase was then inactivated by heat at 70°C (15 min) (Table 2.20.). cDNA 

was stored at -20 oC. 

 

Table 2.19. Mixture for cDNA 
synthesis by SuperScriptTM II 
reverse transcriptase KIT 

 
Table 2.20. Program for cDNA 
synthesis 

 Reagents Volume   Temp (oC) Time # of repeat 
RNA-Template (2 µg) X  25 10 min  
Random primers (50 µM) 1 µl  42 30 min 
dNTP-Mix (10 mM/each) 1 µl  70 5 min  

1 

DEPC water to 12 µl  4 forever ∞ 
5x First strand buffer 4 µl     
DTT (0.1 M) 2 µl     
Superscript II-Reverse 
transcriptase 

1 µl 
    

 

 

2.2.3.19. Quantitative real time PCR (QRT-PCR) 

 

Quantitative real-time polymerase chain reaction (QRT-PCR) is a method that 

allows us to amplify, and quantify the PCR amplicons of interest in real time. It was 

carried out with SYBR green Master Mix (Applied Biosystems; Foster City, CA), and 

7500 Fast Real time PCR System-I (Applied Biosystem). The reaction was performed in 

duplicate using specific gene primers listed at Table 2.7. L7 ribosomal protein transcript 

was used as an internal control. During the PCR reaction, the fluorescence dye (SYBR 
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green) intercalates into double stranded DNA (dsDNA) but not into single-stranded DNA 

and generates a fluorescence signal that allows to quantify the amount of dsDNA in the 

real time. To estimate the amount of the transcript of interest, we used ΔΔCt method as 

relative quantification method. Endogenous L7 ribosomal gene was used to normalize the 

samples. The specificity of PCR products was confirmed by melting curves and 

electrophoresis. QRT- PCR standard mixture was composed as described in Table 2.21 and 

the PCR program is illustrated in Table 2.22. 

 

Table 2.21. QRT-PCR mixture   Table 2.22. QRT-PCR program 

Reagents 
Volume  
(µl) 

 Temp 
(°C ) 

Phase Time 
# of  
repeat 

SYBR® GreenER qPCR  
SuperMix 

5 
 

50 Activation 2 min  1  

DEPC treated water 3  95 Denaturation 10 s  1 
Sense primer (100μM) 0.5  98 Denaturation 15 s 
Antisense primer 
(100μM) 

0.5 
 

60 Annealing  30 s  

cDNA template 1  60 Elongation 30-40 s  

45 

Final volume 10  4 Storage forever  
 
 
2.2.3.20.Denaturing high performance liquid chromatography (DHPLC) 

 

To screen the amplified human DNA fragments for presence of heterozygous 

variants, the WAVE DNA Fragment Analysis System was used (Transgenomic, San Jose, 

CA, USA), This detection system based on the denaturing high performance liquid 

chromatography (DHPLC) technology, which represent a sensitive, rapid and accurate 

method to detect genetic variants (known or unknown mutations, single nucleotide 

polymorphisms (SNPs)). DHPLC is based on binding of the negatively charged phosphate 

backbone of the denatured DNA to the DNASep cartridge (ion-pair reversed-phase 

chromatography). When DHPLC system is running, TEAA (triethyl ammonium acetate) 

forms the positively charged triethylammonium ion (TEA+) in solution that has both 

hydrophobic and hydrophilic ends and coats the hydrophobic surface of the DNASep 

cartridge (stationary phase). The negatively charged phosphate backbone of the DNA 

binds to hydrophobic end of (TEA+) and this binding is released by increasing acetonitrile 

concentration. The presence of heterozygous mutations leads to formation of 

heteroduplexes, i.e. double-straned DNA with mismatched base pairs. These 

heteroduplexes elute earlier from the DNASep cartridge and form additional peaks when 
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analyzed near the denaturing temperature. This allows us to identify heterozygous 

sequence variants as double-peaks, while non-mutated samples display a single peak 

(Figure 2.3).The mutation standards provided by the manufacturer (Transgenomic) in 

ranges from 56oC to 70oC were used to control the correct oven calibration. Buffers which 

compositions are shown below were used to run the DHPLC system (Table 2.23).  Buffer 

A and B represent the running buffers, while buffers C and D were used to wash the 

system. 

Table 2.23. DHPLC Buffers 
Buffer A 1M TEAA 
Buffer B 1M TEAA/25% Acetonitril 
Buffer C 8% Acetonitril 
Buffer D  75% Acetonitril 

 

To identify keratin variants, all human PCR amplicons were pre-screened with 

DHPLC at the temperatures that are given at Table 2.24. Probes with abnormal elution 

peak were purified and sent for sequencing. The location of the coding KRT8/KRT18 

variants was assigned based on the mRNA sequences NM 002273.2 and NM 000224.2, 

respectively, while genomic sequences M34482.1 and AF179904.1 were employed for 

assignment of non-coding variants.  

 

Figure 2.3. Representative figure showing formation of a double peak patterns by 
heteroduplexes in heterozygous variants. After equimolar mixture of homozygous 
mutant and wild type DNA sample. Pure homozygous variants and wildtype DNA samples 
are not distinguishable based on the chromatogram (modified from [27]) 
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2.2.3.21.DNA sequencing 

 

The DNA sequencing was used to determine the base sequence of a given DNA 

strand. For each amplicom and sequencing direction, corresponding primer was used 

described Table 2.6 and sequencing was performed in both directions. All sequencings 

were carried out by the company Eurofinsdna MWG Operon (Ebersberg, Germany) or 

University of Michigan DNA sequencing core (Ann Arbor, MI, USA) using AB3730XL 

96 capillary sequencer (Applied Biosystems, Foster City, CA). 

 

 
Table 2.24. DHPLC screening temperatures in K8/K18 Variants  
Gene Exons Variants Temperature (oC) 

Exon1  62.5, 64.5, 66.5, 68.5 
Exon2  61.8, 63.8 
Exon3  59.5, 61.0 
Exon4  62.2, 64.0 
Exon5  62.6, 64.6 
Exon6  64.0 ,66.0, 68.0 
Exon7  62.6, 64.6, 66.0 

KRT8 

Exon8  64.4, 65.8, 66.8 
Exon1  60.5, 62.0, 64.0, 66.0, 68.0, 70.0 
Exon2  60.5, 62.5 
Exon3  62.7, 64.6 
Exon4  62.8, 64.5 
Exon5  61.5, 62.9, 64.5 
Exon6  63.7, 65.7, 66.7 

KRT18 

Exon7  61.8, 63.8 
*Only highlighted exons were analyzed in HALT-C study, while 
entire exons were analyzed in HHC study. 

 
 

 

2.2.4. Biochemical methods 

2.2.4.1.Total protein extraction from liver tissue 

 

Frozen liver tissues (~25 mg) were homogenized on ice in 600 µl of 

homogenization buffer [148] (see 2.1.11) using the Potter-Elvehjem grinder with Teflon 

pestle which is well suited for soft tissue, such as liver. After the homogenization, samples 

were denatured for 5 minutes at 95oC and sheared with a 22G needle, to fragment the 

genomic DNA then centrifuged for 2 minutes at 14.000 rpm to remove un-dissolved tissue. 
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Afterwards, samples were mixed with sample buffer (2xReducing Laemmli buffer) (2.11) 

in (1:1) ratio. Protein extracts were loaded on a polyacrylamide gel and visualized using 

Coommassie brilliant blue staining (see 2.2.4.4). Samples were stored at -80°C.  

 

2.2.4.2.Total protein extraction from cell cultures  

 

Primary hepatocytes or cultured cell lines were washed twice in cold 1xPBS and 1 

ml of 1xPBS was added. After scraping, cells were collected in 1.5 ml tubes and pelleted at 

10000 rpm for 5 minutes at 4oC.  PBS was discarded and 1.0 ml of homogenization buffer 

was added. Afterwards, cells were homogenized in the Potter-Elvehjem grinder with 

Teflon pestle. To eliminate the insoluble cell fractions, homogenized cell were centrifuged 

at 14000 rpm for 5 min. After that, samples were mixed with sample buffer 

(2xNonreducing or 2xReducing Laemmli buffer) in (1:1) ratio. For denaturation, samples 

were heated to 95°C for 5 minutes and stored at -80°C. To separate proteins based on their 

size, extracts were loaded to a polyacrylamide gel using Coomassie brilliant blue (see 

2.2.4.4). 

 

2.2.4.3.Separation of proteins by SDS-PAGE 

 
To separate the proteins based on their size and their electrophoretic mobilities, 

sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was used. 

Based on the protein of interest either 10% or 12% resolving gels were prepared (or gel 

composition, see Table 2.25). The mixtures are sufficient to obtain two gels and with size 

of of 9x6cm and a thickness of 1 mm. To start the polymerization of the gel, 

tetramethylethylenediamine (TEMED) and ammonium persulfate (APS) were added 

besides acrylamide/bis-acrylamide solution (A/bA). Samples in Laemmli buffer were 

boiled at 95°C for 3-5 minutes and loaded into the gel wells. Precision plus ProteinTM Dual 

Color Standards (Bio-Rad) were used as a size marker. Gels were run under 20 mA electric 

field. After electrophoresis, the stacking gel which lines up the proteins on the same 

starting point was removed. The separated proteins were either stained with Coomassie 

brilliant blue (see 2.2.4.4) or transferred to a membrane for Western blotting (see 2.2.4.6).  

 

 

 

http://en.wikipedia.org/wiki/Polyacrylamide�
http://en.wikipedia.org/wiki/Ammonium_persulfate�
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Table 2.25. Composition of resolving and stacking gels 
Resolving  

10 % 12 % 
Stacking 

H2O 4,1 ml 3,4 ml 3,0 ml 
Resolving Buffer 2,6 ml 2,6 ml - 
Stacking Buffer - - 1,3 ml 
30 % A/bA 3,3 ml 4,0 ml 750 µl 
10 % SDS 100 µl 100 µl 50 µl 
10 % APS 50 µl 50 µl 25 µl 
TEMED 25 µl 25 µl 15 µl 

 
 
2.2.4.4.Staining of proteins in acrylamide gels with Coomassie brilliant blue 

 
To visualize protein amounts, the proteins separated in a polyacrylamide gel were 

stained with Coomassie brilliant blue which unspecifically binds to all proteins primarily 

through basic amino acids (primarily arginine, lysine and histidine) in acidic conditions in 

the gel. After electrophoresis the gel was incubated overnight with a Coomassie brilliant 

blue staining solution at RT overnight. To reduce the background, the gel was decolorized 

with destaining solution at RT. The lower detection limit of this method is 0.2 mg protein 

per protein band. 

 
2.2.4.5.Bradford protein assay 

 
Bradford protein assay, a photometric method based on the binding between 

Coomassie Brilliant Blue and the basic side chains of the protein which shifts the protein’s 

absorption maximum from 465 nm to 595 nm, was used for the quantitative determination 

of proteins amount. For the Bradford assay 2.5 µl of protein lysate (preferentially in ripa 

buffer) were added to 500µl of diluted (1:4 with dist. water) Bradford reagent (Bio-Rad). 

After incubation for 5 minutes at RT, the mixture was vortexed properly and pipetted into 

96 well plate. Absorbance was measured at 595 nm using microtiterplate photometer 

multi-well spectrophotometer (ELISA reader) (BioTek-Synergy HT). Serial dilutions of 

Bovine serum albumin (BSA) were used as standards. 

 

2.2.4.6.Western blot 

 

Western blot assay was performed to detect specific proteins in a protein lysate. 

After the proteins were separated with SDS-PAGE, they were transferred to a 
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Polyvinylidene fluoride (PVDF) membrane using an applied electric field and a Mini 

PROTEAN® system (Bio-Rad). The transfer was performed at constant ampere such as 

250 mA for 70 min. Before the transfer, the PVDF membranes were activated with 

methanol and soaked in transfer buffer. After the transfer, non-specific protein binding, 

was reduced via incubation with blocking buffer (5% nonfat dry milk in PBST) for 1 hour 

at RT. To detect the protein of interest, membranes were incubated with an appropriate 

primary antibody, either for 2 hours at RT or at 4 oC overnight. After at least three washing 

step with PBST, the membrane was incubated with a horseradish peroxidase-conjugated 

secondary antibody for 1 hour at room temperature. Afterwards, the membranes were 

washed by PBST. Visualization of immunoreactive bands was performed using enhanced 

chemiluminescence (ECL) containing luminal substrate which is catalyzed by horse radish 

peroxides (HRP) and hydrogen peroxide, then emits light which is captures by on film. 

ECL Western blotting detection reagent (GE HeaLhcare), according to the manufacturer 

procedure and the signal was detected by short exposure to Amersham Hyperfilm at RT. 

All antibodies were diluted in blocking buffer. To stain the same membranes with another 

primary antibody, the antibodies were removed with stripping procedure. To do that, the 

membranes were washed with distilled water 4 times for 5 min, then with 0.2 N NaOH for 

10 min. and finally again with distilled water 4 times for 5 min. Afterwards, membranes 

were blocked using 5% blocking buffer (nonfat dry milk in PBST) as described above and 

stained with another antibody. 

 

2.2.4.7.Immunoprecipitation 

 
To study the interaction of keratin 8/18 with the binding partners, Dynabeads® 

magnetic immunoprecipitation technique was used according to manufacturer’s protocol. 

Cells were lysed with NP40 buffer that is mild enough not to disturb protein-protein 

interactions. NP40 is a non-denaturing detergent, and is therefore well suited to study 

kinase activity. First, L2A1 antibody which recognises and binds human K8/18 proteins 

was incubated with the beads for 30 min at RT in order to get attached to them. To remove 

excess antibody, beads were washed several times with antibody binding and washing 

buffer (0.01% tween 20/PBS). Protein lysate was incubated with beads-L2A1 complex for 

2 hours at 4oC under tilting and rotation. At the end of incubation, beads were bound via 

magnet and the unbound proteins were removed via several PBS washing.  
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2.2.4.8.Immunofluorescence staining and imaging of liver tissue and cell line (NIH-

3T3) 

 
To generate cryosections, liver tissues were frozen in methylbuthan and embedded 

in optimal cutting medium (TisueTek®, Sakura), 2µm this sections were prepared and 

fixed in appropriate fixating agent, pre-cooled 100% acetone, for 10 min at RT. To block 

nonspecific binding, the slides were incubated with the blocking buffer (see 2.1.11). 

Primary antibodies (Table 2.1) diluted in blocking buffer were incubated with the cells for 

1 h at room temperature (RT). After incubation, the slides were washed 3 times for 5-min 

in PBS and then incubated with Alexa Fluor 488 and/or 568 secondary antibodies (Table 

2.2) for 30 min. After rinsing in PBS, cells were mounted with ProLong Gold mounting 

medium containing DAPI (Invitrogen) and a cover glass was placed on it. After the slides 

were dried in the dark, they were stored at -20 oC.  

To stain the cells, the cells were seeded on the 4-well Culture Slides (Poly-D-

Lysine coated). The slides were fixed with pre-cooled methanol for 10 min at -20°C and 

air dried. The subsequent steps were identical to the immunofluorescence staining of the 

frozen livers.  

Fluorescence microscopy was performed using an Zeiss microscope (D-7082; 

Germany) equipped with a digital camera (Q-imaging, Q20539, Canada), Zeiss HBO100 

lamp, Zeiss objective and SimplePCI (2313U) software (Hamamatsu Photonics compix 

Inc. imaging system, USA).  

 

2.2.4.9.Histological staining 

 
Hemotoxylin & Eosin (H&E) staining 
 

For histological analysis, the extracted livers fixed in 10% formaldehyde, 

embedded in paraffin, sectioned (4 mm) and stained with hematoxylin & eosin. Briefly, to 

deparaffinize and hydrate the sections, the slides were washed with xylin, descending 

ethanol series, then water (see below). The nuclei were stained with a hematoxylin solution 

containing potassium Alum which binds to acidic components of tissue and gives blue 

color) and eosin which is acidic dye was used to dye the cytoplasm (red) as counterstain. 

To clean excess dyes and dehydrate the sections, the slides were washed with water, 

ascending ethanol series, then xylin and mounted with mounting medium. The slides 

which were placed on by a cover glass were analyzed under the microscope. Histological 
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images were acquired on a Leica light microscope (Leica, Solms, Germany) equipped with 

a digital camera and Leica Application Suite software V4.1 (Leica Microsystems, 

Heerbrugg, Switzerland). 

 

Perl’s Prussian blue iron staining 
 

To stain the non-heme bound iron, Perl’s Prussian blue staining was performed on 

paraffin-embedded liver sections. Briefly, to deparaffinize and hydrate, the slides were 

washed twice with: xylin, 100% ethanol and 90% ethanol for 10, 2, 2 minutes respectively, 

then once with: 90% ethanol for 10 minutes, 80% ethanol, 70% ethanol, 60% ethanol, and 

50% ethanol for 2 minutes (each step),  and then washed 3 times with water. After washing 

steps, the slides were incubated with iron staining buffer (see 2.1.11) for 30 minutes. And 

then, the slides were washed 3 times with water and stained with eosin for 3-5 minutes to 

visualize the cell cytoplasm. Afterwards, the slides were washed 3 times with water, then 

dehydrated with 50%, 60% , 70%, 80% , 90% ethanol for 15 second ( each step), then 2 

times with 100% ethanol for 2 minutes and twice with xylin for 10 min. After the slides 

became dry, one drop of mounting medium was added and a cover glass was placed on it.  

The slides were stored at RT. 

 

Picro-sirius red staining for collagen 
 

Briefly, to deparaffinize and dehydrate, the slides were washed with xylin, graded 

ethanol series and water (see above), then washed for 10 minutes in running tap water and 

stained in picro-sirius red for 1 h. Afterwards, the slides were washed 2 times with 

acidified water (%0.5 glacial acetic acid in water) and water from the slides was physically 

removed by vigorous shaking. Sections were dehydrated with ascending ethanol series and 

xylin (see above for details), one drop of mounting medium was added and cover glass was 

placed a on it. The slides were stored at RT. Images were taken using Leica light 

microscope (Leica, Solms, Germany) equipped with a digital camera and Leica 

Application Suite software V4.1 (Leica Microsystems, Heerbrugg, Switzerland). Of note, 

collagen becomes visible due to its red colour on a pale yellow background. 
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2.2.4.10.Kinase assay 

 
In vitro p38α kinase activity was assessed using K8/18 immunoprecipitates (see 

2.2.4.7.) incubated with or without OA (see 2.2.3.5). The precipitates were supplemented 

with active p38α kinase and [32P] ATP 10 μL of kinase assay substrate buffer, 10 μL 

reaction buffer and 5 μL [32P] ATP cocktail (2.11.) After incubation for 15 min, at 30oC, 

proteins were solubilized with 2x nonreducing Laemmli sample buffer and denatured at 95 
oC for 5 minutes. Afterwards, proteins were separated using SDS-PAGE (2.2.4.3), stained 

with Coomassie (2.2.4.4), and then gels were dried. To visualize the kinase activity, dried 

gels were exposed to Amersham Hyperfilm for 1 day at -80 oC to quantify the amount of 

the incorporated [32P]. 

 

2.2.4.11.Cytotoxicity detection assays 

 

MTT assay 
 

To measure cytotoxic effect of iron to the hepatocytes, colorimetric MTT assay was 

performed, which allows a spectrophotometric quantification of viable cells containing 

cytosolic NAD(P)H-dependent oxidoreductase enzymes which reduce MTT ((3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to formazan, giving a purple 

colour. After 24h the incubation the cells with MTT, primary hepatocyte cells were seeded 

on 96-well plates and treated with 100 μM NTA as a negative control and FeNTA as an 

iron complex for 48 hours (2.2.3.3). Afterwards, MTT solution was added in the final 

concentration of 0.5 mg/ml and plates were incubated for additional 4h at 37 oC, 6.5% 

CO2. After incubation, cells with formazan crystals were dissolved in 200 μl of HCl-

Isopropanol solution. Light absorption was measured at the wave length of 570 nm using 

the microtiter plate photometer multi-well spectrophotometer (ELISA reader) (BioTek-

Synergy HT). The amount of formazan formedcorrelates with the number of metabolically 

active cells in the culture; therefore the absorbance reveals the amount of viable cells. 

 

Lactate dehydrogenase (LDH) assay 
 

Another method to detect cytotoxicity is to measure the values of LDH into the 

medium. LDH represents a cytoplasmic enzyme which is released from damaged cells. 

Primary hepatocytes were seeded on 96-well plates and treated with 100 μM NTA as a 

http://en.wikipedia.org/wiki/Di-�
http://en.wikipedia.org/wiki/Methyl�
http://en.wikipedia.org/wiki/Thiazole�
http://en.wikipedia.org/wiki/Phenyl�
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negative control and FeNTA as an iron complex for 48 hours (2.2.3.3). Then culture 

supernatants were collected a. LDH activities were determined from the cell-free 

supernatant according to manufacturer’s protocol.  

 

2.2.5. Analysis and softwares 

 

Image analysis 

All images were analysed with Adobe Photoshop CS5 and Image J programme.  

 

Statistical analysis 

To analyse the association of K8/K18 variants with liver disease development in 

patients with HCV and compare frequency of individual K8/18 variants and total 

significant K8/K18 variants between HCV patients, we determined estimates and 95% 

confidence intervals for the adjusted odds ratios statistical significance was performed 

using the parametrical paired two-tailed Student’s t-test or Fischer exact test. A p-value 

below 0.05 was considered statistically significant 

 

Softwares 

 Transgenomic Navigator Version 3.0.0 

(http://www.transgenomic.com/pd/software/software.asp) 

 Microsoft Office 

 GraphPad Prism 5 statistical software (licensed for Uni Michigan, MI, US) 

 Imaje J (http://rsbweb.nih.gov/ij/) 

 Adobe Photoshop CS5 and Adobe Illustrator 

 KC4, BioTek Instruments, Inc. 

 Stratagene’s QuikChange® Primer Design Program on the Stratagene’s web page 

(http://www.stratagene.com) 

 Primer3 Input (version 0.4.0) (http://frodo.wi.mit.edu/) 

 The gene bank data (http://www.ncbi.nlm.nih.gov) 

 

2.2.6. Ethics statement 

 
All animals received humane care. Animal experiments were performed under the 

permit from the responsible authorities (Institutional Animal Care Committee state of 

http://www.transgenomic.com/pd/software/software.asp�
http://rsbweb.nih.gov/ij/�
http://www.stratagene.com/�
http://frodo.wi.mit.edu/�
http://www.ncbi.nlm.nih.gov/�
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Baden-Württemberg, Germany (Regierungspraesidium Tübingen), UCUCA under animal 

protocol number 10081 (Michigan, USA) and were conducted in compliance with the 

German Law for Welfare of Laboratory Animals. 

The study protocol for HHC subjects was reviewed and approved by the local 

ethics committees of the participating centers Austria (Vienna, Salzburg, and Innsbruck) 

and Germany (Regensburg, Erlangen) between 1991- 2005, and all recruited patients gave 

informed written consent. 

Study protocol for HCV subjects was approved by the HALT-C Ancillary Studies 

Committee. A de-identified dataset was provided by the HALT-C Data Coordinating 

Center (New England Research Institutes, Watertown, MA) under a data use agreement, 

and informed written consent was obtained from each patient in the study. 

 
2.2.7. Safety measures 

 
All operations with genetically modified organisms and plasmid DNA were 

performed in accordance to the “Gentechnikgesetz” from the year 1990 and to the rules 

summarized in the ‘‘Gentechnik-Sicherheitsverordnung’’ from the year 1990. Ethidium 

bromide, formaldehyde, DEPC and other chemicals deleterious to the environment when 

used in the course of the work were carefully managed and disposed accordingly to the 

institutional guidelines. All the operations with radioactive chemicals were performed in a 

radioactivity class II laboratory and the radioactive waste was disposed off according to the 

institutional guidelines. 
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3. RESULTS 

 

3.1. Analysis of the keratin variants in patients with chronic Hepatitis C 

3.1.1. Patient demographics 

 

The clinical characteristics of 1222 subjects included in our analysis are 

summarized in Table 3.1. Patients were predominantly males (71.8% of total) as it is 

known that males have a greater incidence of viral hepatitis (NIH Conference Statement 

2002; www.consensus.nih.gov) while a spontaneous clearance of HCV infection is higher 

in females. Similar to previous studies [111], mainly middle aged patients participated 

(50.2 years with ~7 years SD) with an average duration of hepatitis C infection being 28 

years (Table 3.1).  

More than 75% of patients in HALT-C were overweight (25 ≤ BMI ≤ 29.9) or even 

obese (BMI ≥ 30) which might be due to the fact that HALT-C analyzed patients who did 

not respond to previous antiviral therapy since it has been shown that obesity decreases the 

hepatitis C clearance rate [25, 160]. In addition, almost 50% of the patients were obese and 

mean BMI in cirrhotic patients was 30.3 (Table 3.1). The slightly higher BMI in cirrhotic 

patients meshes well with the data from Everhart et al. who showed that higher baseline 

BMI was associated with a poor outcome.  

About 17% of study subjects had diabetes and these patients were overrepresented 

in the cirrhotic subgroup (p=0.02). This is in agreement with previous reports who 

suggested that presence of diabetes predisposed to development of liver fibrosis in patients 

with CHC [26].  Baseline liver biopsies from HALT-C patients showed that 39% of 

patients had increased fat content in the liver (steatosis grade 2-4) and these subjects were 

more likely to be obese and to have diabetes [122].  

In HALT-C cohort, most patients exhibited low to moderate alcohol consumption 

(24.9 g/day). Of note, higher levels of alcohol consumption were seen among cirrhotic 

subjects (28.4 g/day vs 21.3 g/day) which is in agreement with epidemiologic data showing 

that heavy alcohol consumption promotes liver fibrosis development in subjects with 

chronic hepatitis C infection [110, 114].  

http://www.consensus.nih.gov/�
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Finally, HALT-C trial focused on patients with chronic hepatitis C infection who 

failed previous treatments and because of that, a comparatively high subgroup of patients 

(38.8%) displayed a liver cirrhosis while other studies typically contain much lower 

percentage of cirrhosis subjects [132],  

Most patients analysed in our cohort had a medium viral load. There was no 

significant relationship between the level of HCV-RNA in the blood and the amount of 

liver damage or fibrosis on liver biopsy which fits well the previous reports [3]. Almost 

90% of our patients harboured hepatitis C genotype 1 which is due to the fact that this 

genotype makes about 70-75% of all HCV infections in the United States and that it is 

associated with a lower response to treatment (NIH Conference Statement 2002). To that 

end, in patients with HCV genotypes 2 or 3 treated with this regimen the sustained 

virological response rates reaches 80 %, but in genotype 1 patients it is only 50% [4]. 

Interestingly, genotype 2 HCV was seen more frequently in non cirrhotic patients 

(p=0.08).  

Table 3.1. Patient demographics of HCV Cohort 

 
Cirrhosis YES  
(#474; 38.8%) 

Cirrhosis No  
(# 748; 61.2% ) 

TOTAL 
(# 1222) 

Male, # (%) 
Female, # (%) 

342(72.2) 
132 (27.8) 

535(71.5) 
213 (28.5) 

877 (71.8) 
345 (28.2) 

Age, Mean±SD (years) 50.3±7.0 50.0±7.4 50.2 

Duration of infection, Mean±SD (years) 28.6±8.3 27.4±7.8 28.0 

BMI (kg/m2)  Mean±SD 30.3±5.4 29.5±5.5 29.9 

History of diabetes , # (%) 1 98 (20.7) 109 (14.6) 207 (17.0) 

Average grams alcohol/day baseline, Mean±SD 28.4±42.5 21.3±46 24.9 

Log10 serum HCV RNA level (IU/mL), Mean±SD 6.3±0.6 6.5±0.5 6.4 

1 425 (89.7) 669 (89.4) 1094 (89.5) 

2 2 14 (3.0) 39 (5.2) 53 (4.3) 

3 27 (5.7) 32 (4.3) 59 (4.8) 
Genotype, # (%) 

4 8 (1.7) 8 (1.1) 16 (1.3) 

NonHis 343 (72.4) 562 (75.1) 905 (74.1) 

AA 67 (14.1) 120 (16.0) 187 (15.3) 

Hi 3 59 (12.4) 43 (5.8) 102 (8.3) 
Race, # (%) 

Others 4 5 (1.1) 23 (3.1) 28 (2.3) 
Abbreviations: #: numbers; SD: standard deviation; BMI: Body-Mass Index; Log HCV RNA: Logarithmic 
format of Amount of Virus RNA; NonHis: Non Hispanic white; AA: African American; Hi: Hispanic; P 
values show significant differences between cirrhotic and non-cirrhotic patients in related groups:  
1p=0.02; 2p=0.08 3p=0.0002; 4p= 0.03 (Fisher’s exact test). 

In our patients’ cohort, the most common race was Caucasians, followed by 

African Americans (74.1% and 15.3% of total subjects, respectively).  Hispanic subjects 

constituted ~8% of this population and were significantly more often found to develop 

http://consensus.nih.gov/2002/2002HepatitisC2002116html.htm�
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liver cirrhosis (p=0.0002) [117, 166]. 2% of patients were categorized as others and 

included Asian/Pacific Islander, American Indian/Alaskan Native or patients of unknown 

heritage. Of note, these subjects less frequently developed liver cirrhosis (p=0.03), 

probably because of undefined heritage or lower patients number. 

 

3.1.2. Overview of keratin variants found in patients with chronic hepatitis C 

infection 

Genetic analysis of the eight coding regions of KRT8/KRT18 genes in 1222 patients 

with chronic hepatitis C infection identified 22 coding (16 amino acid altering and 6 non-

amino acid altering) and 12 non-coding (intronic and 3’ untranslated regions) K8/K18 

variants which are summarized in Tables 3.2, 3.3 and 3.4. The coding variants were 

present in 170 patients (13.9%) and included four novel amino acid altering variants which 

were not previously described (K8 A345S/ A447V/ G471E and K18 R45P). In addition to 

exonic variants, 24 patients (2.0%) had the non-coding variants.  

 

Table 3.2. Frequency of significant keratin variants in HCV patients 
Gene Variant Nucleotide Patients, # (%) 

G62C GGC → TGC 14 (1.1) 
Y54H TAT  → CAT 6 (0.5) 
G55A GGT  → GCT 1 (0.1) 
R341H CGT → CAT 76 (6.2) 
A345S§ GCC → TCC 1 (0.1) 
G434S GGC  → AGC 22 (1.8) 
K464N AAG  → AAT 1 (0.1) 
A447V§ GCG  → GTG 2 (0.2) 

KRT8 

G471E§ GGG  → GAG 1 (0.1) 
K18 R45P§ CGG → CCG 1 (0.1) 
K18 G69A GGT → GCT 1 (0.1) KRT18 
K18 c. 193_216 del24& NA 2 (0.2) 

 Total  128 (10.5) 
 All observed variants were heterozygous. The location of KRT8/KRT18 variants was 
assigned based on the mRNA sequences (NM 002273.3 and NM 000224.2, respectively). 
§Highlighted variants are novel variants which were not previously reported. &K18 
c.193_216 del24 generates a 421–amino acid protein (instead of 429). NA: not applicable.  

 

12 heterozygous K8/18 variants observed in 128 patients out of 170 (overall 

frequency 10.5 %, Table 3.2) were assigned as significant variants based on previous 

human association studies (i.e. overexpressed in liver disease patients when compared with 

the appropriate control group) (for example K8 R341H), documented significant biological 
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effects such as filament instability/impaired keratin reorganization (i.e. K8 Y54H) [60], 

effect on keratin solubility (i.e. K8 G62C) or ; introduction or ablation of a charged residue 

or a posttranslational modification site such as phosphorylation (for example K8 G434S 

blocks phosphorylation at nearby K8 S432; K8 G62C blocks phosphorylation at K8 S74) 

[56, 60] or other protein structure considerations [140, 169]. The other variants were 

considered as variants with unknown significancy (Table 3.3. and 3.4). Some of them (K8 

I63V/V380I/V480I and K18 S230T) were categorized to be a “polymorphism” rather than 

a “mutation” that is likely to have biologic significance based on previous association 

studies that demonstrate similar or higher frequency of this variant in control non-liver 

disease patients (Table 3.3). Other variants (K8 E113E/A333A/A338A/E376E and K18 

Y94Y/T410T) were non-amino acid altering (silent) (Table 3.4). Also non-coding variants 

that are within the analyzed parts of KRT8/KRT18 introns, promoter and 3’untranslated 

region (3’UTR), were included in the category of variants with unknown significance 

because their frequency was comparable in hepatitis C patients with mild and moderate 

liver fibrosis, respectively [132].   

 
Table 3.3. Exonic variants with unknown significancy 

Variant* Nucleotide 
Patients, 

# (%) 
K8 I63V ATC  → GTC 5 (0.4) 

K8 V380I GTC  → ATC 1 (0.1) 
K8 V480I GTC  → GTT 6 (0.5) 

K18 S230T AGC → ACC 3 (0.2) 
Total  15 (1.2) 

Variant** Nucleotide 
Patients, 

# (%) 
K8 E113E GAG  →  GAA 1 (0.1) 
K8 A333A GCC  → GCT 19 (1.6) 
K8 A338A GCC  → GCT 2 (0.2) 
K8 E376E GAG  → GAA 3 (0.2) 

K18 Y94Y§ TAC → TAT 1 (0.1) 
K18 T410T§ ACC → ACG 1 (0.1) 

K8 V480I GTC  → GTT 6 (0.5) 
K18 S230T AGC → ACC 3 (0.2) 

Total  37 (3.0) 
All observed variants were heterozygous. The location of 
KRT8/KRT18 variants was assigned based on the mRNA sequences 
(NM 002273.3 and NM 000224.2, respectively). *These variants 
were considered to be a “polymorphism” rather than a “mutation”. 
**Non-amino acid altering variants. §Highlighted variants are novel 
variants firstly described in this study. 

 

Among the 12 significant K8/18 variants, K8 R341H was the most common one 

(76/1222, 6.2%), followed by K8 G434S (22/1222, 1.8 %) and K8 G62C (14/1222, 1.1 %). 
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K8 R341H variant frequency in HALT-C subjects was slightly higher than the frequency 

in total subjects with different liver disease etiology (cryptogenic, HCV, HHC, PBC, ALF 

etc.) which were analyzed from 2005 up to date (92/1673 patients; 5.5% K8 R341H among 

total subjects in previous studies) [56, 74, 131-132, 140, 169, 171], (see Table 1.5 in 

introduction).  The K18 N-terminal domain deletion (K18 c. 193_216 del24) (K18 Δ65-72) 

which generated a 421 (instead of 429) amino acid protein was found in 2 patients in our 

cohort, while in previous studies, K18 c. 193_216 del24 were found in total 3 liver disease 

patients (2 patients in end-stage liver diseases, one in ALF [56, 140]).  

Total 76 variants with unknown significance were observed among 1222 patients in 

HALT-C (6.2%)  (Table 3.3 and 3.4). Among them, previously described KRT8 

c.1261+10delC (non-coding deletion found 10 nucleotide downstream from the 3’-end of 

exon 7 in intronic sequence) variant completely and exclusively associates with K8 R341H 

variant and is not included in the count of total intronic variants [132, 140]. K8 A333A 

with 1.6% frequency was the most common non-amino acid altering variant (19/1222).   

 
 

Table 3.4. Non-coding  variants with unknown significancy 

Gene Variant Location 
Patients, 

# (%) 
c.1202+ 46A>T intronic 2 (0.2) 
c.1261+9C>T intronic 7 (0.6) 

c.1261+10delC& intronic 76 (6.2) 
c. *31- deletion 3’UTR 1 (0.1) 
c.*38- deletion 3’UTR 1 (0.1) 

c.*4(G>T) 3’UTR 1 (0.1) 
c. *8(C>T) 3’UTR 3 (0.3) 
c.*15(C>T) 3’UTR 1 (0.1) 
c.*29(C>A) 3’UTR 1 (0.1) 
c.*31(C>T) 3’UTR 5 (0.4) 

KRT8 

c.*38(G>A) 3’UTR 1 (0.1) 
KRT18 c.822+5(G>A) intronic 1 (0.1) 

 Total  24 (2.0) 
All observed variants were heterozygous. The location of intronic 
KRT8/KRT18 variants was assigned based on genomic sequences, 
M34482.1 and AF179904.1 respectively. &c.1261+10delC variant 
completely associates with KRT8 R341H variant and is not included in 
the count of total intronic variants. c.: cDNA variant number; 3’UTR: 
3’untranslated region (region immediately downstream of the 
translated sequences); intronic: non-coding region. *nucleotides 
counted from beginning of 3’UTR region.  

 

3 patients harboured 2 amino acid altering K8 variants (R341H+A333A), 

(R341H+A447V), (R341H+G62C); one patient had one heterozygous amino-acid altering 

K8 and one K18 amino acid altering variant (K8-G434S+K18-G69A) and one patient 
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harbored 2 amino acid altering K8 variants and one 3’UTR-intronic variant 

(R341H+Y54H+3’UTR-1452+38(G->A)). The conservation and/or sequencing results of 

six novel K8/K18 variants and two intronic variants from KRT8 3’UTR region, which were 

not been described before, are shown in Figures 3.1 and 3.2.  Following variants are 

analyzed: KRT8 1033 G→T resulting in a K8 A345S substitution within the rod domain 

(subdomain 2B) in 1 patient; KRT8 1340 C→T that codes for a K8 A447V substitution, in 

the tail sequence of KRT8 and was found in 2 patients; KRT8 1412 G→A that codes for a 

K8 G471E substitution, in the tail sequence of KRT8 and was observed in one patients; 

KRT18 134 G→C that codes for a K18 R45P substitution, in the head sequence of KRT18 

seen in one patient;  KRT18 282 C→T that results in a silent K18 Y94Y substitution in the 

head sequence of KRT18 present in 1 patient; KRT18 1230 C→G resulting in a silent K18 

T410T substitution in the tail sequence of KRT18 in two patients. Among new variants, K8 

A345S, K8 G471E and K18 R45P, are highly conserved among species (human, rat, 

mouse, frog and zebrafish) and K8 A345S but not the others are also highly conserved 

among type II keratins (Figure 3.1). 
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Figure 3.1 
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Figure 3.1. Conservation of novel K8 variants among species and type II keratins.  
Single letter abbreviations are used for amino acids. The first line of each table shows the wild-type 
human K8/K18 sequence. The keratin sequences listed in B, D, F are all of human origin locus. The 
sequences surrounding the amino acid K8 A345S (A, B),K8 G471E (C, D) and K18 R45P (E, F) are 
displayed for selected species (A, C, E) and type II (B, D) or type I keratins (F). The sequences 
illustrate the single nucleotide variations leading to the highlighted amino acid changes (G, H, I). Note 
that K8 A345S is highly conserved among species and among type II keratins, while K8 G471E and 
K18 R45P amino acid are highly conserved among species but not among keratin subtypes. The 
figures were assembled using the following reference sequences: K8: NM 002273.3 (Homo sapiens), 
NM 19937.1 (Rattus norvegicus), NM 031170.2 (Mus musculus), BC 044116.1 (Xenopus laevis) and 
NM 200080.2 (Danio rerio); Type II Keratins: NM 006121.3 (KRT1), NM 000423.2 (KRT2a), NM 
015848.4 (KRT2p), NM 057088.2 (KRT3), NM 002272.3 (KRT4), NM 000424.3 (KRT5), NM 
005554.3 (KRT6A), NM 005555.3 (KRT6B), NM 005556.3 (KRT7). Type I Keratins: NM 000226.3 
(KRT9), NM 000421.3 (KRT10), NM 000223.3 (KRT12), NM 153490.2 (KRT13), NM 000526.4 
(KRT14), NM 002275.3 (KRT15), NM 005557.3 (KRT16), NM 000422.2 (KRT17), NM 000224.2 
(KRT18), NM 002276.4 (KRT19), NM 019010.2 (KRT20), NM 015515.3 (KRT23), NM 19016.2 
(KRT24). 

 

 

Figure 3.2. New variants in keratin 8/18 
genes. The sequences illustrate the single 
nucleotide variations leading to the 
highlighted nucleotid change (A-C). K8 
A447V (A), K18 Y94Y (B), K18 T410T (C) 
are either missense mutations or silent and 
considered not being of biological 
significance. 
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3.1.3. Ethnic Distribution of the coding keratin 8 and 18 variants in HCV cohort 

Given that they frequency of K8/18 variants displays ethnical differences, we 

analyzed the ethnic distribution of keratin variants in our cohort (Table 3.5, 3.6). Within 

HALT-C cohort, the majority of subjects were non-Hispanic Caucasians (905/1222; 

74.1%), followed by African Americans (187/1222; 15.3%) and Hispanics (102/1222; 

8.3%) (Table 3.5).  

When the analyzed races and ethnicities were considered separately, AA patients 

had the highest frequency of any amino acid altering K8/K18 variants (27.8% vs 11.1% in 

Caucasians (p=0.0001) and vs 14.7% in Hispanics (p=0.04)). The frequency of significant 

variants among AA was 17.7% and significantly higher than among Caucasians (8.7%; 

p=0.003). Three patients in the group categorized as “others” (including Asian/Pacific 

Islander, American Indian/Alaskan Native or unknown) had K8 R341H/G434S and K18 c. 

193_216 del24 mutations (3/28; 10.7%; Table 3.5). 

Seven K8/18 variants (K8 Y54H/A333A/A338A/G434S/G471E and K18 

G69A/Y94Y) were found predominantly/exclusively in African-Americans (AA) (Table 

3.6) and these data were in good agreement with the ethnical distribution of keratin 

variants reported in a previous study [140]. 37 out of 52 variants were found in AA 

patients were due to these ethnically enriched variations. Most common variant in African 

American patients was K8 G434S (9.1% of AA patients) followed by non-amino acid 

altering K8 variant, K8 A333A, with 6.4% frequency and they were significantly higher in 

AA (vs Caucasians; p=0.0001 and p=0.009 respectively) (Table 3.5 and 3.6). However, 

the frequency of K8 G434S in African American patients with chronic hepatitis C is 

similar with previously published occurrences in African American controls (10.2% in 

control group) [140].  

There were total 90 of 1222 (7.3%) chronic hepatitis C patients with most common 

amino acid-altering K8/K18 variants, R341H and G62C and most of them were observed 

in Caucasian subjects (55/905; 6.1% and 13/905; 1.4%, respectively). In Caucasians, the 

frequencies of total exonic K8/K18 variants and the K8 R341H variant were significantly 

higher than in previously published controls [140] (11.1 % versus 3.4 % , p= 0.0003 for 

total variants included all K8 and K18 significant variants; and 6.1% versus 3.2%, p=0.005 

for K8 R341H) (Table 3.5).  
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Table 3.5. Distribution of coding keratin variants in HCV patients in different 
races/ethnicities* 

 Races/Ethnicities (# and % of patients) 
NonHi AA Hi Others Total 

Variants 
905 (74.1) 187 (15.3) 102 (8.3) 28 (2.3) 1222 (100) 

K8 G62C& 13 (1.4) 1 (0.5) 0 0 14 (1.1) 

K8 Y54H& 2 (0.2) 4 (2.1) 0 0 6 (0.5) 
K8 G55A 1 (0.1) 0 0 0 1 (0.1) 
K8 I63V* 5 (0.5) 0 0 0 5 (0.4) 

K8 E113Eδ 1 (0.1) 0 0 0 1 (0.1) 

K8 A333Aδ, & 6 (0.7) a 12 (6.4) a, c 1 (1.0) c 0 19 (1.5) 

K8 A338Aδ 0 2 (1.1) 0 0 2 (0.2) 

K8 R341H& 55 (6.1) c 8 (4.3) b 12 (11.8) c, b 1 (3.6) 76 (6.2) 

K8 A345S§,& 1 (0.1) 0 0 0 1 (0.1) 

K8 E376Eδ 2 (0.2) 1 (0.5) 0 0 3 (0.3) 
K8 V380I* 1 (0.1) 0 0 0 1 (0.1) 
K8 G434S 3 (0.3) a 17 (9.1) a, d 1 (1.0)d 1 (3.6) 22 (1.8) 
K8 K464N 1 (0.1) 0 0 0 1 (0.1) 

K8 A447V§, & 2 (0.2) 0 0 0 2 (0.2) 

K8 G471E§ 0 1 (0.5) 0 0 1 (0.1) 
K8 V480I* 3 (0.3) 3 (1.6) 0 0 6 (0.5) 

K18 R45P§ 1 (0.1) 0 0 0 1 (0.1) 

K18 G69A& 0 1 (0.5) 0 0 1 (0.1) 
K18 c. 193_216 del24 0 1 (0.5) 0 1 (3.6) 2 (0.2) 

K18 Y94Yδ, § 0 1 (0.5) 0 0 1 (0.1) 
K18 S230T* 3 (0.3) 0 0 0 3 (0.2) 

K18 T410Tδ, § 0 0 1 (1.0) 0 1 (0.1) 
# patients with any 
variant 

100 (11.1) a 52 (27.8) a, f 15 (14.7) f 
3 (10.7) 

170 (13.9) 

#  patients with significant 
variant 

79 (8.7)e 33 (17.7)e 13 (12.8) 
3 (10.7) 

128 (10.5) 

The variants in character printed in bold are considered “significant variants”. *The highlighted 
variant is considered to be a “polymorphism” rather than a “mutation”. δThe highlighted variants are 
“silent” nucleotide substitutions that do not result in an amino acid change. §Novel variants which were 
not previously described. &Three patients harboured 2 independent amino acid altering KRT8 variants 
(R341H+A333A), (R341H+A447V), (R341H+G62C); one patient displayed one heterozygous amino-
acid altering K8 and one K18 variants (K8-G434S+K18-G69A) and one patient had two amino acid 
altering KRT8 variants and one independent 3’UTR-intronic variant (R341H+Y54H+3’UTR-
1452+38(G->A). Abbreviations: NonHi: Non-Hispanics; AA: African Americans; Hi: Hispanics. *Race 
and ethnicity were categorized into Non-Hispanics (Caucasians), African Americans, Hispanics and 
others (including Asian/Pacific Islander, American Indian/Alaskan Native or unknown). K8 
Y54H/A333A/A338A/G434S/G471E and K18 G69A/Y94Y variants were considered as “African 
American related variants”. P values show differences between highlighted groups: ap=0.0001; 
bp=0.03; cp=0.07; dp=0.009; ep=0.003; fp=0.04 . 

 

Finally, the most common variant K8 R341H showed a trends towards higher 

occurrences in Hispanic patients to Caucasians (11.8% versus 6.1 %, p= 0.07) and was 

significantly overexpressed in Hispanics vs  AA patients (11.8% versus 4.3 %, p= 0.03) 

(Table 3.5).  
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Among “silent” nucleotide mutations that do not result in an amino acid change, K8 

A333A occurred in 6.4%  of AA subjects and showed a trend towards higher frequency in 

this subgroup compared with Hispanic patients (p=0.07). Furthermore, it was significantly 

more often in AA than in Caucasian patients thereby confirming previous findings 

(p=0.0001).  

 

Table 3.6. Distribution of “African American related variants” 
 Races/Ethnicities (# and % of patients) 

NonHi AA Hi Others Total 
Variants 

905 (74.1) 187 (15.3) 102 (8.3) 28 (2.3) 1222 (100) 
K8 Y54H 2 (0.2) 4 (2.1) 0 0 6 (0.5) 

K8 A333Aδ 6 (0.7) a 12 (6.4) a, b 1 (1.0) b 0 19 (1.5) 

K8 A338Aδ 0 2 (1.1) 0 0 2 (0.2) 

K8 G434S& 3 (0.3) a 17 (9.1) a, c 1 (1.0)c 1 (3.6) 22 (1.8) 
K8 G471E 0 1 (0.5) 0 0 1 (0.1) 

K18 G69A& 0 1 (0.5) 0 0 1 (0.1) 

K18 Y94Yδ, § 0 1 (0.5) 0 0 1 (0.1) 
# patients with AA related 

variants 11 (1.2)a 37 (19.8)a, d 2 (2.0)a 1 (3.6) d 52 (4.3) 
δThe highlighted variants are “silent” nucleotide mutations that do not result in an amino acid change. 
§Novel variant which was not previously described. &One patient harboured one heterozygous amino-acid 
altering K8 and one K18 variants at the same time (K8-G434S+K18-G69A). Abbreviations: NonHi: Non-
Hispanics; AA: African Americans; Hi: Hispanics. *Race and ethnicity were categorized into Non-
Hispanics (Caucasians), African Americans, Hispanics and others (including Asian/Pacific Islander, 
American Indian/Alaskan Native or unknown). P values show significant differences between highlighted 
groups: ap=0.0001; bp=0.07; cp=0.009; dp=0.06 . 

 

 

3.1.4.  Ethnic distribution of the non-coding keratin 8 and 18 variants 

Ethnic distribution of non-coding keratin variants is summarized at Table 3.7. The 

frequency of the non-coding keratin variants was significantly higher in African Americans 

compared with Caucasians (4.3% vs 1.7%; p=0.05; KRT8 c.1261+10delC variant was 

excluded from the count of total intronic variants (Table 3.7). Both KRT8 c.*31-  and 

c.*38-intronic deletions were found in African American subjects.  
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Table 3.7. Distribution of non-coding keratin variants in HCV patients with different 
races/ethnicities 

 Variants Races/Ethnicities (# and % of patients) 
NonHi AA Hi Others Total 

Genes Nucleotide Location 
905 (74.0) 187 (15.3) 102 (8.3) 28 (2.3) 1222 (100) 

c.1202+ 46A>T intronic 2 0 0 0 2 (0.2) 
c.1261+9C>T intronic 3 4 0 0 7 (0.6) 

c.1261+10delC intronic 55 8 12 1 76 (6.2) 
c. *31- deletion 3’UTR 0 1 0 0 1 (0.1) 
c.*38- deletion 3’UTR 0 1 0 0 1 (0.1) 

c.*4(G>T) 3’UTR 1 0 0 0 1 (0.1) 
c. *8(C>T) 3’UTR 2 0 1 0 3 (0.3) 
c.*15(C>T) 3’UTR 1 0 0 0 1 (0.1) 
c.*29(C>A) 3’UTR 1 0 0 0 1 (0.1) 
c.*31(C>T) 3’UTR 4 1 0 0 5 (0.4) 

KRT
8 

c.*38(G>A) 3’UTR 0 1 0 0 1 (0.1) 
KRT

18 
c.822+5(G>A) intronic 1 0 

0 
0 1 (0.1) 

 Total intronic variants* 15 (1.7) a 8 (4.3) a 1 (3.6) 0 24 (2.0) 
*IVS7+10delC variant completely associates with KRT8 R341H variant and is not included in the count of 
total intronic variants. Abbreviations: NonHi: Non-Hispanics; AA: African Americans; Hi: Hispanics. 
*Race and ethnicity were categorized into Non-Hispanics (Caucasians), African Americans, Hispanics and 
others (including Asian/Pacific Islander, American Indian/Alaskan Native or unknown). P value shows 
significant differences between highlighted groups: ap=0.05. 
 

 

3.1.5. Distribution of keratin variants in patients with/without cirrhosis  and 

relationship with clinical outcomes 

The biologically relevant K8 variants in our study differed significantly towards 

over-expression in cirrhotic versus non-cirrhotic patients (12.5% in cirrhotics vs 8.7% in 

non-cirrhotics, p=0.03; relative risk= 1.4 with 95% Cl 1.0-2.0; Table 3.8). This result was 

similar to previous study showed a strong association of K8/18 coding variants with 

fibrosis progression (p=0.002) [132] (Distribution of coding and non-coding keratin 

variants in patients with/without cirrhosis is summarized in Table 3.8 and Table 3.9.). 

Specifically, the frequency of K8 G62C variant occurred to be higher in subjects with 

cirrhosis (1.9% vs 0.9%; p=0.06). Intronic variants were seen in 24 HCV patients; 13 and 

11 of them were found in cirrhotic and non-cirrhotic patients, respectively (2.7% vs 1.5%) 

(Table 3.9).  Of note, the distribution of intronic keratin variants did not differ significantly 

among cirrhotics and non-cirrhotics.   

 

In HALT-C cohort, this presence of K8/18 variants associated significantly with 

adverse clinical outcomes such as increase in CTP score to ≥7 on 2 consecutive occasions, 

variceal bleeding, ascites, spontaneous bacterial peritonitis, hepatic encephalopathy, liver 
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transplantation, HCC and/or liver-related death (p=0.02, Table 3.10) which developed in 

135 patients (11%). Patients carrying K8 R341H/G62C or K18 R45P showed a trend 

towards developing clinical outcomes (p=0.06). Besides the presence of any “African 

American related variants”   predisposed to development of clinically-relevant events 

(p=0.01).  

 

Table 3.8. Distribution of coding keratin 
variants in patients with or without 
Cirrhosis  

Cirrhosis 
(# and % of patients) 

Variants 
YES  

(474/39)  
NO  

(748/61)  
K8 G62C 9 a 5 a 
K8 Y54H 4 2 
K8 G55A 0 1 
K8 I63V 2 3 
K8 E113E 0 1 
K8 A333A 7 12 
K8 A338A 1 1 
K8 R341H 34 42 
K8 A345S§ 0 1 
K8 E376E 1 2 
K8 V380I 1 0 
K8 G434S 10 12 
K8 K464N 0 1 
K8 A447V§ 1 1 
K8 G471E§ 1 0 
K8 V480I 1 5 
#  patients with  
significant K8 variant 

59 (12.5)b 65 (8.7)b 

K18 R45P§ 0 1 
K18 G69A 0 1 
K18 c. 193_216 del24 0 2 
K18 Y94Y§ 0 1 
K18 S230T 1 2 
K18 T410Tδ§ 0 1 
#  patients with  
significant K18 variant 

0 4 (0.5) 

# patients with  
any variant 

73 (15.4) 97 (13.0) 

# patients with  
significant variant 

59 (12.4) 69 (9.2) 

The table displays the number of patients with and 
without liver cirrhosis harboring the listed keratin 
variants. The location of KRT8/KRT18 variants was 
assigned based on the mRNA sequences (NM 
002273.3 and NM 000224.2, respectively). Variants 
printed in bold are considered being biologically as 
significant variants. §Novel variants which were not 
previously described. P value shows significant 
differences between highlighted groups: a p=0.06, 
bp=0.03.  

 
Table 3.9. Distribution of non-coding 
keratin variants in patients with or 
without Cirrhosis 

Cirrhosis (# and % 
of patients) Gene Variant 

YES 
(474/39) 

NO 
(748/61) 

c.1202+ 46A>T 1 1 
c.1261+9C>T 4 3 

c.1261+10delC& 34 42 
c. *31-deletion 0 1 
c.*38- deletion 1 0 

c.*4(G>T) 0 1 
c. *8(C>T) 1 2 
c.*15(C>T) 1 0 
c.*29(C>A) 0 1 
c.*31(C>T) 3 2 

KRT8 

c.*38(G>A) 1 0 
KRT18 c.822+5(G>A) 1 0 

 Total 13 (2.7) 11 (1.5) 
The table displays the number of patients with and 
without liver cirrhosis harboring the listed keratin 
variants. The location of KRT8/KRT18 variants 
was assigned based on Genomic sequences 
(M34482.1 and AF179904.1, respectively). 
*IVS7+10delC variant completely associates with 
KRT8 R341H variant and is not included in the 
count of total intronic variants.  
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3.1.6. Biochemical and structural analysis of novel K18 R45P variant: 

To determine the biological significance of the novel K18 R45P variant, we tested 

its effect on the solubility of K8/18; its phosphorylation status binding to the known 

keratin 18 binding protein 14-3-3 as well as the effect on keratin network organization 

(Figure 3.3.).  

After transfecting the cells with equal protein amounts (Figure 3.3A), we analyzed 

the  solubility of K18 R45P vs. K18 WT. K18 R45P variant increases the solubility of K18 

protein compared to K18 WT under basal, hyperphosphorylated and oxidative stressed 

conditions (Figure 3.3B).  To quantify the effect, a densitometric analysis of the K18 signal 

was performed (Figure 3.3B).   

Since previous studies showed that members of 14-3-3 protein family bind the 

human keratin 18 and phosphorylation of K18 S34 regulates the binding of K18 to 14-3-3 

proteins [55], we examined the extent of binding of the 14-3-3 to the novel K18 R45P 

variant. In siliko analysis suggested that the de nova motif [GGSGS45PISVSRST] on the 

K18 R45P protein might bind stronger to 14-3-3 since it occurs a similarity  to Raf-I 

binding motif [PX*pSXSR]. Also the K18 R45P substitution was near to another 

phosphorylation side, K18 S53. However, transfection of cells with K18 R45P variant 

followed by K18 immunoprecipitation and 14-3-3 immunoblotting did not reveal any 

changes in basal or hyperphosphorylated conditions and association with 14-3-3 protein 

(Figure 3.3C). Moreover, the K8/18 phosphorylation status remained unaffected by the 

presence of K18 R45P variants (Figure 3.3D) similarly, the kinase assay (Figure 3.3E) 

did not reveal any changes in phosphorylation of K18 R45P by p38 kinase, which has 

been shown to phosphorylated K8 S74 [49].   

To see the effect of K18 R45P mutation on the keratin network organization, NIH-

3T3 cells were cotransfected with hK8 WT and hK18 WT or hK18 R45P and then keratin 

network was visualized with immunofluorescence staining (Figure 3.3F). Representative 

images shows that both K18 WT and K18 R45P variants formed bona fide keratin 

network.  

To sum up, novel K18 R45P increases solubility of keratins that is even more 

pronounced after hyperphosphorylation, however K18 R45P variant affects neither the 

binding of K18 to 14-3-3 protein nor its phosphorylation status or filament organization.  
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Figure 3.3.  
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Figure 3.3. K18 R45P increases solubility of keratins that is more pronounced after 

hyperphosphorylation, but not affects on filament organization.  

BHK-21 cells were transfected with hK8 WT and hK18 WT or hK18 R45P. Cells were 

tested under basal conditions (NT: nontreated) or incubated with 1 M okadaic acid (OA) to 

determine the effect of hyperphosphorylation of keratin variants on solubility K8/18 

phosphorylation status or with 1mM hydrogen peroxide (H2O2) to detect the effect of 

keratin variants on K8/18 distribution and biochemical properties under oxidative stress 

conditions. Extracts were analyzed by SDS-PAGE and then Coomassie staining or by 

immunoblotting, using antibodies to total K8 pool, K8 pS432, total K18 pool, K18 pS34, 

K18 pS53, K18 pS74, 14-3-3 and β-tubulin. Transfection efficiencies were confirmed by 

Coomassie staining. (A) Cells were equally co-transfected as can be seen hK8 and hK18 

WB results. (B) To test solubility of the keratins, proteins were extracted in Triton X buffer 

and compared. hK18 WB proved that K18 R45P variant increases solubility of K18. 

Graphic shows the fold change of solubility of K18 between groups. (C) Transfected cells 

were harvested followed by immunoprecipitation (IP) of K8/18 and blotted with anti-14-3-

3 antibody to show whether K18-R45P mutation changes the association of 14-3-3 protein 

with K18 under basal or hyperphosphorylated conditions.  K18 R45P mutation did not 

change the association of K18 to 14-3-3. (D) Total lysates of transfected cells were blotted 

with phospho-keratin antibodies to analyzed phosphorylation status of well known keratin-

phospho-sides. K18 R45P mutation did not affect in phosphorylation of K8/18 in vivo, 

neither under basal condition nor under hyperphosphorylation or oxidative stress 

conditions. (E) Precipitates from non-treated transfected cells were subjected to an in vitro 

kinase assay, followed by gel analysis and autoradiography. K18 R45P mutation did not 

affect in hyperphosphorylation of K18 in vitro, using p38 kinase. (F) NIH3T3 cells were 

transfected with either hK8 WT/hK18 WT or hK8 WT/ hK18 R45P to 

immunofluorescence staining. Primary mouse anti-K8/18 antibody was used to image 

K8/18 network and secondary goat anti-mouse Alexa Fluor 488 (green) antibody was used. 

Shown are representative images from merged images with DAPI counter-stain showing 

the cell nuclei. Scale bar represents 20 µm. Note that both cotransfections, keratin 

structures were organized normally.  
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3.2. Analysis of the hemochromatosis patients 

3.2.1. Patient demographics 

The clinical characteristics of the previously described cohort of 162 subjects 

carrying homozygous HFE C282Y mutation [128] is displayed in Table 3.11. In this 

patient group, the average age was 50 and 37.7% of subjects had cirrhosis. As expected, 

most patients were males (74.5%) and males also had significantly higher frequency of 

subjects with liver cirrhosis than females (p<0.0001). In particular, 48% of male (58/120) 

patients, but only 7.3 % of women (3/41) had cirrhosis. All assessed parameters of iron 

metabolism were markedly higher in males compared to females (Table 3.11) (ferritin 

p<0.0001, HIC p=0.001, HII p=0.003). Of note, only a minority of patients had significant 

alcohol consumption (10/145; 6.9 %), and none were known to harbor hepatocellular 

carcinoma at the time of inclusion.  

Cirrhotic patients in this study were significantly older than non-cirrhotic patients 

(p=0.0000004), had significantly higher levels of serum ferritin, transferin saturation and a 

trend towards higher in hepatic iron concentration (HIC), (p=0.002, p=0.0004 and p=0.07, 

respectively) (Table 3.11).  All patients were European Caucasians of German origin. 234 

liver healthy German subjects were used as controls. 

 

3.2.2. Characterization of coding keratin 8 and 18 variants in HHC cohort 

Genetic analysis of the entire coding regions of K8/K18 identified 7 unique amino-

acid-altering K8 variants that included 2 novel variants (K8 Q169E/R275W) that were not 

described before (Figure 3.4). K8 G62C/R341H were the most common variants and these 

variants were considered polymorphisms based on previous studies (K8 

I63V/A319S/E339A). A total of 9 patients had single and one had compound amino-acid 

altering variants (K8 R341H+A319S), (overall total variant frequency 6.2%, Table 3.12). 

Silent and common heterozygous K8 L227L variant [39, 56, 132] was not included in 

Table 3.12. Of note, the heterozygous variant was observed in ~50% of patients, while 

DHPLC can not sufficiently distinguish between WT and homozygous subjects. The most 

common significant variants, K8 G62C and K8 R341H, were found in 3 and 4 HHC 

patients, respectively (total 4.3%). Distribution of amino-acid altering variants in cirrhotic 

and non-cirrhotic patients was similar (6.6% vs. 6.1%). Among the described keratin 

variants, only K8 G62C and R341H were previously clearly implicated in liver disease 
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Table 3.11. Patient demographics and biochemical values of HHC cohort* 

 Gender  Cirrhosis   

 Male Female P values YES NO 
P  

values 
Total  

patients 
# of patients (%)a 120 (74.5) 41 (25.5) 0.0001 61 (37.7) 98 (60.5) 0.02 162 (100) 
Age at LBx,  
mean ± SD (years) 

50 ± 13 52 ± 12 N.S. 57 ± 10 46 ± 13 <0.0001 50 ± 13 

Cirrhosis yes/no (%)b 58/60 (49/51) 3/38 (7/93) 0.0008 / 0.03    61/99 (38/62) 
# of patients 
(Male /Female (%))b 

   58/3 (36/2) 60/38 (37/24) 0.09 / 0.0001  

Alcohol consumption  
(yes/no) c, d 

6/102 4/31 N.S. 5/53 5/80 N.S. 10/135 

Serum iron  
(μg/dL), mean± SDe 

213 ± 43 195 ± 35 N.S. 207 ±  34 209 ± 45 N.S. 208 ± 41 

Transferrin Saturation  
(%), mean± SDf 

87 ± 17 74 ± 19 N.S. 91 ± 16 79 ± 18 0.0004 84 ± 18 

Serum ferritin  
(ng/mL), mean± SDg 

2501 ± 1953 711 ± 592 <0.0001 4034 ± 6857 1322 ± 1103 0.002 2081 ± 1891 

HIC (μg/g dry weight) ,  
mean± SDh 

13339 ± 8537 7416 ± 6945 0.001 13775 ± 8248 10540 ± 8505 0.07 11671 ± 8518 

HII, mean± SDj 5.2± 3.6 2.9 ± 3.2 0.003 4.4 ± 2.6 4.6 ±  4.1 N.S. 4.6 ± 3.7 

Abbreviations: LBx: liver biopsy; SD: standard deviation; HIC: hepatic iron concentration; HII: hepatic iron index; N.S.: Not significant. aOne 
patient had no data and not included. bOne patient without data and two male patients with hepatocellular carcinoma were not included. cThe 
cut-off criteria for alcohol consumption were set <20g/day for females, and <60g/day for males. d19 patients,  e38 patients, f29 patients, g17 
patients, h59 patients and j55 patients in related groups had no data and not included. *Reference ranges are: serum iron , 40-150 μg/dL; 
transferrin saturation, 16-45%; serum ferritin in men, 18-440 ng/mL; serum ferritin in premenopausal women, 8-120 ng/mL; serum ferritin in 
postmenopausal women, 30-300 ng/mL; HIC, 300-1400 μg iron/g of dry liver tissue weight.  
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development [99] and the frequency of these two variants was somewhat higher in 

cirrhotic versus non-cirrhotic patients (6.6% vs 3.0%; Table 3.12). This was mainly due to 

the K8 G62C variant, which was found exclusively in patients with liver cirrhosis (Table 

3.12.) but the numbers were too small to reach statistical significance.  

 
Table 3.12. Distribution of exonic keratin variants in HHC patients  

KRT8   Cirrhosisc 
(# and % of patient) 

Patients,  
# (%) 

Controls,  
# (%) 

Variant Nucleotide Location 
Yes 

(61 / 38 ) 
No 

(99 / 62 ) 
162 234 

G62C GGC → TGC Exon 1 3 0 3 (1.85) 6 (2.6) 

I63Va ATC → GTC Exon 1 0 0 0 2 (0.8) 

Q169E b CAG → GAG Exon 2 0 2 2 (1.23) N.T. 

R275W b CGG → TGG Exon 5 0 1 1 (0.62) N.T. 

A319Sa GCT → TCT Exon 5 0 1d 1 (0.62) N.T. 

E339Aa, b GAG → GCG Exon 6 0 0 0 1 (0.4) 

R341H CGT → CAT Exon 6 1 3d 4 (2.5) 9 (3.8) 

# Patients with any variant (%) 4 (6.6) 6c (6.1) 10 (6.2) 19 (8.1) 

# Patients with significant variant (%) 4 (6.6) 3 (3.0) 7 (4.3) 15 (6.4) 

The table displays the number of patients with and without liver cirrhosis for the listed 
keratin variants. The location of KRT8/KRT18 variants was assigned based on the mRNA 
sequences (NM 002273.3 and NM 000224.2, respectively). aThe highlighted variant is 
considered to be a “polymorphism” rather than a “mutation”. bNovel variants which 
were not previously described. cTwo male patients with hepatocellular carcinoma were 
not included. dOne female patient harbored 2 independent amino acid altering KRT8 
variants (R341H+A319S). N.T.not tested.  
 

Two novel variants were described in this study, i.e. KRT8 505 C→G resulting in a 

K8 Q169E substitution within the rod domain (subdomain 1B) in two patients and KRT8 

823 C→T that codes for a K8 R275W substitution in the L2 linker sequence of KRT8 in 

one patient. Both novel variants were detected in non-cirrhotic patients, and the involved 

amino acid residues are remarkably conserved among species and among some type II 

keratins (Figure 3.4.).  

To study the occurance of K8 variants in general population, KRT8 exons 1 and 6 

were analyzed in 234 liver healthy Central European subjects, since these exons harbor the 

two most common variants (K8 G62C and K8 R341H) in HHC patients. These variants 

were found in 15 control subjects (9 K8 R341H and 6 K8 G62C variants), which 

represents a total variant frequency of 8.1%. A novel K8 variant, KRT8 1016 A→C that 

codes for a K8 E339A substitution within the rod domain (subdomain 1B) was found in 

one healthy control but this variant was not seen in HHC cohort. New genetic variants 
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were reported in GenBank (accession numbers for K8 Q169E, R275W and E339A are 

rs199422323, rs199422324 and rs144044115, respectively).  Coding keratin variants were 

found in slightly older patients (average was 55) with higher serum and hepatic iron levels 

(serum iron, HIC and HII) (Table 3.13), however, none of these results reached statistical 

significance. 

 
Table 3.13. The clinical features of Hemochromatosis patients harboring exonic 
keratin 8 variants 

 
Presence of Exonic 

Variants 
Demographics YES (n=10) NO (n=152) 
Sex (Male/Female) 7/3 113/38 a 
Age at LBx, mean ± SD (years) 55±11 50±13 
Cirrhosis (yes/no) 4/6 57/93 b 
Alcohol consumption (yes/no)c 0/6 10/127 
Serum iron (μg/dl), mean± SD 216±31 208±42 
Transferrin Saturation (%), mean± SD 84±20 84±18 
Serum ferritin (μg/l), mean± SD 2377±2147 2409±4703 
HIC (μg/g) , mean± SD 14012±8560 11552±8543 
HII, mean± SD 5.4±3.6 4.5±3.7 
Abbreviations: LBx: liver biopsy; SD: standard deviation; HIC: hepatic iron 
concentration; HII: hepatic iron index. agender is unknown in 1 patient. b2 patients with 
hepatocellular carcinoma are excluded from the analysis. cThe extent of alcohol 
consumption was not known in 19 patients, four of them harbored exonic keratin 
variants while none harbored intronic keratin variants.  
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Figure 3.4. Conservation of novel K8 variants among species and type II keratins. 
The sequences surrounding the amino acids K8 Q169 (A, B) and K8 R275W (C, D) are 
displayed for selected species (A, C) and type II keratins (B, D). The sequences illustrate 
the single nucleotide variations leading to the highlighted amino acid change (E, F). Note 
that K8 Q169 is highly conserved among species and among type II keratins, while K8 
R275 amino acid is highly conserved among species, and is also conserved from a charge 
perspective among type II human keratins. The figures were assembled using the 
following reference sequences: K8: NM 002273.3 (Homo sapiens), NM 19937.1 (Rattus 
norvegicus), NM 031170.2 (Mus musculus), BC 044116.1 (Xenopus laevis) and NM 
200080.2 (Danio rerio); Type II Keratins: NM 006121.3 (KRT1), NM 000423.2 (KRT2a), 
NM 015848.4 (KRT2p), NM 057088.2 (KRT3), NM 002272.3 (KRT4), NM 000424.3 
(KRT5), NM 005554.3 (KRT6A), NM 005555.3 (KRT6B), NM 005556.3 (KRT7).  
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3.2.3. Characterization of the non-coding K8/K18 variants in HHC cohort 

Our genetic analysis identified 9 non-coding heterozygous K8 variants (Table 

3.14). Among these, an intronic KRT8 IVS7+10delC deletion was the most common 

variant and exclusively associated with K8 R341H substitution as described before [132] 

and is therefore not included in the count of total non-coding keratin variants. The 

remaining three non-coding variants (pure intronic variants) were seen in 6 

hemochromatosis patients (variant frequency 3.7%). Five patients carrying “pure” intronic 

variants displayed liver cirrhosis (8.2%), while only one subject did not have cirrhosis. 

Consequently, the non-coding KRT8 variants were significantly overrepresented in 

cirrhotic patients (p=0.02).  

 

Table 3.14. Distribution of non-coding keratin variants in HHC patients 

KRT8  
Cirrhosisc 

(# and % of patient) 
Patients,  

# (%) 

Variant Location 
Yes 

(61 / 38 ) 
No 

(99 / 62 ) 
162 

IVS7+10delC a Intronic 1 3 4 
IVS6+46A>T b Intronic 1 1 2 (1.2) 
IVS7+20G>A Intronic 3 0 3 (1.9) 
IVS8+31C>T 3'-UTR 1 0 1 (0.6) 
Total intronic variant (%) 5 (8.2) d 1 (1.0) d 6 (3.7) 
The table displays the number of patients with and without liver cirrhosis for the 
listed keratin variants. The location of KRT8/KRT18 variants was assigned 
based on Genomic sequences (M34482.1 and AF179904.1, respectively). aKRT8 
IVS7+10delC variant completely associates with KRT8 R341H variant and is 
not included in the count of total intronic variants. bThe highlighted variant was 
found in one control subject (out of 234), while the presence of additional 
intronic variants was not analyzed in the control group. cTwo male patients with 
hepatocellular carcinoma were not included. P value shows significance level 
between highlighted groups: d p=0.02. 

 

Intronic keratin variants were preferentially found in male subjects (p=0.09 for 

distribution among the sexes) (Table 3.15.). The intronic keratin variants did not associate 

with iron accumulation in hemochromatosis patients as suggested by similar levels for 

serum iron, transferrin, transferrin saturation, ferritin and HIC and HII indices (Table 

3.15). On the other hand, cirrhotic subjects with intronic keratin variants appeared older 

and the mean value of transferrin saturation in cirrhotic subjects was higher than in non-

cirrhotic patients (Table 3.15), but these differences did not reach statistical significance.  
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Table 3.15. The clinical features of hemochromatosis patients harboring intronic 
keratin 8 variants 

 
Presence of Intronic 

Variants 
Demographics YES (n=6) NO (n=156) 
Sex (Male/Female) 5/1 115/40 a 
Age at LBx, mean ± SD (years) 59±8 50±13 
Cirrhosis (yes/no) 5/1 56/98 b 
Alcohol consumption (yes/no) c 0/6 10/127 
Serum iron (μg/dl), mean± SD 202±29 209±42 
Transferrin Saturation (%), mean± SD 95±6 84±18 
Serum ferritin (μg/l), mean± SD 2166±1786 2077±1901 
HIC (μg/g) , mean± SD 12765±9145 11627±8539 
HII, mean± SD 3.7±2.3 4.6±3.7 
Abbreviations: LBx: liver biopsy; SD: standard deviation; HIC: hepatic iron 
concentration; HII: hepatic iron index. agender is unknown in 1 patient. b2 patients 
with hepatocellular carcinoma are excluded from the analysis. cThe extent of alcohol 
consumption was not known in 19 patients. Note that intronic keratin variants were 
preferentially found in male subjects (p=0.09 for distribution among the sexes).  

 

3.2.4. Experimental iron accumulation in keratin overexpressing mice 

Given that all patients harboring the K8 G62C variant displayed liver fibrosis, we 

used previously-characterized transgenic mice overexpressing K8 G62C and control mice 

that overexpressing WT K8 [60] to test whether K8 G62C affects iron accumulation. To 

study that, the mice were fed with iron rich diet for one months (3% Iron). 

As expected, both untreated and iron-fed K8 WT and K8 G62C mice had normal 

ALT levels (Figure 3.5A), and did not display any histological signs of liver damage. Iron-

feeding led to a dramatic increase in hepatic iron, which was slightly more pronounced in 

K8 WT animals; however, the difference between genotypes was not statistically 

significant (p=0.08; Figure 3.5B).  

Both genotypes expressed nearly identical levels of the iron uptake-regulating 

hormone hepcidin and comparable levels of fibrosis-related genes collagen 1 (Col1a1), 

smooth muscle -actin (SMA) and transforming growth factor- (Figure 3.6). In addition, 

Perl`s Prussian blue staining revealed a similar pattern of iron accumulation in both 

genotypes (Figure 3.5C). In conclusion, the K8 G62C variant does not alter experimental 

iron accumulation. 
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Figure 3.5. The presence of K8 G62C variant does not influence the extent of 
hepatocellular iron accumulation. To test, whether hepatocellular iron accumulation is 
affected by the presence of keratin variants, transgenic mice overexpressing wild-type 
human keratin 8 (K8 WT) or K8 G62C variant were fed with 3% carbonyl iron-
containing diet for one month (Iron diet) and compared to age-matched animals kept on 
standard diet (Control diet) (n=4 mice/group). Iron-feeding did not lead to an increase in 
serum ALT (A), but caused a significant elevation in hepatic iron concentration (HIC) 
(B). There was no significant difference in ALT or HIC levels between K8 WT and G62C 
mice after iron feeding, while ALT levels were slightly lower in iron-fed K8 G62C vs K8 
WT animals. (C) Perl's Prussian blue staining revealed a similar pattern of iron deposition 
in both mouse lines. Scale bar = 200 µm. 
 

 

Figure 3.6. mRNA expression of fibrosis-
related genes and hepcidin does not differ 
between K8 WT and G62C –
overexpressing mice fed iron-rich diet. 
mRNA levels determined in K8 WT mice 
are set as 1.0 and mRNA levels in K8 
G62C mice are displayed relative to WT. 
mRNA was isolated from 4 independent 
livers per genotype.  
Col1a1: Collagen 1a1; -SMA: -smooth 
muscle -actin; TGF-: transforming 
growth factor-; Hamp: encoding 
Hepcidin gene 
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3.2.5. Ex vivo iron toxicity in keratin overexpressing mouse hepatocytes 

To analyze possible iron toxicity in subjects carrying K8 variants, we subjected 

primary hepatocytes from K8 WT and G62C mice to iron-nitrilotriacetic acid complex 

(FeNTA).  

FeNTA exposure led to significant increase in the release of ALT (a marker of 

hepatocyte injury) and LDH (an unspecified marker of cellular damage) into the cell 

culture supernatant; however, the extent of enzymes leakage did not differ significantly 

between the genotypes (Figure 3.7 A and C). Similarly, addition of FeNTA reduced cell 

viability in both K8 WT and G62C hepatocytes to a similar extent (Figure 3.7 B). Thereby, 

suggesting that the presence of K8 G62C does not enhance hepatocyte iron toxicity. 

 

 

Figure 3.7. The presence of K8 G62C 

variant does not affect iron toxicity in ex 

vivo cultured hepatocytes. To study the 

hepatocellular iron toxicity, primary 

hepatocytes isolated from transgenic 

animals overexpressing K8 WT or K8 

G62C were cultured in normal media 

(Control) or media supplemented with 100 

μM NTA or 100 μM FeNTA for 24 hours. 

FeNTA, but not NTA treatment led to a 

significant increase in LDH (A) and ALT 

levels (C) in cell culture supernatants 

together with significant decrease in cell 

viability as assessed by MTT assay (B). 

The enzyme levels and cell viability did 

not differ significantly between K8 WT 

and K8 G62C hepatocytes.  

FeNTA: iron-nitrilotriacetic acid complex; 

LDH: Lactate dehydrogenase; MTT:((3-

(4,5-Dimethylthiazol-2-yl)-2,5-

phenyltetrazolium bromide) 

 

http://en.wikipedia.org/wiki/Di-�
http://en.wikipedia.org/wiki/Methyl�
http://en.wikipedia.org/wiki/Thiazole�
http://en.wikipedia.org/wiki/Phenyl�
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3.3. The impact of K8 variants on liver fibrosis development 

3.3.1. Characterization of the human K8 overexpressing mice 

Previously described human K8 G62C and human K8 Wild Type (WT) 

overexpressing mice on FVB/N background were used [60]. Sample DNA was isolated 

from tails of the mice and tested for presence of human KRT8 gene (not shown). To 

distinguish between K8 WT and G62C variants sequencing by using both DNA fragment 

analysis and DNA sequencing was used (Figure 3.8).  

 

Figure 3.8. Characterization of the human K8 overexpressing mice (A) A 
representative pattern of genomic DNA polymerase chain reaction products, analyzed by 
denaturing high-performance liquid chromatography, from a hK8 WT or a hK8 G62C 
variant overexpressing mouse. DNA from K8 overexpressing mouse was mixed with 
DNA of hK8 WT to enable this formation of heteroduplexes in K8 G62C. K8 WT is 
characterized by one major peak, whereas the K8 G62C shows a multiple-peaked 
chromatogram due to resolution of homoduplexes from heteroduplexes. DNA sequencing 
confirms the presence of a K8 G62C mutation. (B) Presence of human K8 overexpressing 
was confirmed by immunoblots with anti-human K8 antibody. 
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Human K8 WT is characterized by one major peak, whereas the mixture of K8 WT 

and K8 G62C variant shows a multiple-peaked chromatogram due to resolution of 

homoduplexes from heteroduplexes (Figure 3.8A upper panel). Electropherograms from 

DNA sequencing confirm the presence of a K8 G62C mutation (Figure 38A lower panel). 

Presence of human K8 in transgenic mice was also confirmed by immunobloting 

performed with anti-human K8 antibody (Figure 3.8B). 

 

3.3.2. Effects of keratin variants on fibrosis development in mice:  

To test whether the human disease-associated K8 G62C variant predisposes to liver 

fibrosis development, we treated K8 WT and K8 G62C overexpressing mice with two well 

established liver fibrosis inducers, CCl4 and TAA, and performed BDL as an established 

cholestatic liver fibrosis model.  

Because previous studies observed considerable lethality in male mice subjected to 

even low dose of CCl4 or TAA [137], we used only female mice in subsequent 

experiments. Both CCl4 and TAA treatments were well tolerated and only hK8 WT mouse 

died during the experiments (Table 3.16). The liver size increased and differed between K8 

WT and G62C with the percentage of liver weight/body weight (K8 WT > K8 G62C) after 

CCl4 and TAA administrations.  

ALT and AST levels significantly increased in all treatment groups vs untreated 

controls, but significant differences between K8 WT and K8 G62C were seen only after 

TAA administration (p=0.0003 for ALT, p=0.00000001 for AST) (Table 3.16. and Figure 

3.9A). Total bilirubin level was significantly (p=0.04) elevated in CCl4 –treated K8 G62C 

vs K8 WT (Table 3.16). Although mice subjected BDL had significantly higher total 

bilirubin and alkaline phosphatase levels than untreated controls, no significant between 

the two strains (only a trend for AP; p=0.07).  

The extent of liver pathology including inflammatory reaction was evaluated in 

hematoxylin & eosin (H&E) staining and Picro-Sirius Red staining was used to score the 

extent of liver fibrosis using established scoring system [119]. H&E staining showed 

obvious inflammatory reaction and injury in treated groups compared with non-treated 

mice. However significant difference between genotypes was seen only in  TAA treated 

mice, in which K8 WT animals developed more pronounced liver injury as evidence by 

higher ALT levels seen in these subgroups (Figure 3.9B and Table 3.16).  
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Table 3.16. Serum analysis, histologic analysis, and liver weight of  mice 
 NT CCl4 model 
 K8 WT K8 G61C K8 WT K8 G61C 

# of mice survived/total 3/3 4/4 5/6 7/7 

LW/BW % 5.0±0.0 5.0±0.0 6.1±0.3 5.6±0.3 

tBil level <2 <2 4.9±2.3 la 5.9±3.5 la 
ALT level 21±2 21±2 102±38 106±32 

AST level 60±7 61±3 95±27 138±107 

AP level 84±3 66±4 73±18 91±27 

Inflammation* 0 0 1.6±0.9 2.2±0.5 

Fibrosis* 0.1±0.1 0.05±0.05 2.0±0.3 1.9±0.3 

 TAA model BDL model 
 K8 WT K8 G61C K8 WT K8 G61C 

# of mice survived/total 10/10 9/9 8 8 

LW/BW % 8.6±0.3 7.7±0.2 10.2±0.3 10.4±0.2 

tBil level 6.9±1.8 6.0±0.7 204±89 248±39 

ALT level 289±101 lb 132±26 lb 398±159 433±93 

AST level 423±49 lc 270±21 lc 1719±1190 1157±673 

AP level 242±28 260±27 1722±979 ld 2539±949 ld 
Inflammation* 3.9±0.4 3.8±0.5 2.0±1-0 1.6±0.5 

Fibrosis* 2.5±0.2 2.4±0.2 1.8±0.3 2.1±0.7 

Abbreviation: NT: Non-treated group; WT: wild type; LW: liver weight; BW: body 
weight; tBil: total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; AP:Alkaline phosphatases; #: number. *Fibrosis scoring ranged 
from 0 (normal) to 4 (most severe) were evaluated as described [119]. Fibrosi was 
evaluated after Picro-Sirius Red staining while inflammation was assessed after H&E 
staining. Values are shown as means ± SE for histologic parameters and as means±SD 
otherwise. p values ap=0.04; bp=0.0003; cp=0.00000001; dp=0.07. 

 

The extent of liver fibrosis after treatments was evaluated by measuring collagen1 

(Col1a1) mRNA expression levels and by Picro-Sirius Red staining as showed in Figure 

3.10. No differences in the extent of collagen expression between the genotypes were 

observed (Figure 3.10A). Similarly, mRNA expression of the tested fibrosis-relevant genes 

SMA-α, TGF-β or TNF-α did not differ between the genotypes (data not shown). In both 

genotype (K8 WT and K8 G62C) the different treatments led to development of moderate 

liver fibrosis, as noted after Picro-Sirius red staining, but the extent of fibrosis did not 

differ significantly between groups (Table 3.16, figure 3.9 and 3.10). 
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Figure 3.9. The inflammation 
levels do not differ between 
groups. To test, whether fibrosis 
development after TAA or CCl4 
administration as well as after BDL 
was affected by the presence of 
keratin variants, K8 WT and G62C 
mice were subjected to the 
described treatment regiments (A) 
Only TAA injection lead to a 
significant difference in serum ALT 
in K8 Wt versus K8 G62C mice. 
(B)  H&E staining revealed a 
similar extent of inflammation in 
both mouse lines. Scale bar = 200 
µm.  

 

 
 

3.3.3. Effects of fibrotic models on keratin expression levels: 

We also analyzed the effect of the 3 fibrosis models on keratin expression level. 

Human, mouse keratin 8 and mouse keratin 18 expressions are shown at Figure 3.11. 

Under basal conditions, no differences in human/mouse K8 as well as K18 levels were 

noted between the genotypes.  
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Figure 3.10. The presence of K8 
G62C variant does not influence 
the development of liver fibrosis. 
(A) Hepatic collagen mRNA 
expressions was evaluated in K8 WT 
and K8 G62C overexpressing mice 
subjected to three different 
established liver fibrosis models. In 
none of the models, a significant 
difference in collagen mRNA 
expression between the genotypes 
was noted (B) The extent of liver 
fibrosis in K8 WT and K8 G62C 
overexpressed mice (e,f) given TAA 
for 15 weeks or (g,h) CCl4 for 12 
weeks or (c,d) being subjected to 
BDL for three weeks was evaluated 
using Picro-Sirius red staining. No 
difference between the genotypes was 
noted in any of the treatments. Scale 
bar = 200 µm.  

 

Previous study showed that TAA administration, but not CCl4 increases keratin 

expression in non-transgenic mice [137]. In this study, keratin expression was increased in 

all three models in both K8 WT and K8 G62C mice although the difference was more 

pronounced after TAA treatment and BDL compared to  CCl4
  (Figure 3.11) .  

Human keratin 8 as well as keratin 18 expression levels were significantly higher in 

K8 WT mice than in K8 G62C mice after TAA administration (p=0.00001 and p=0.004; 

respectively) as well as after CCl4
 treatment (respectively, p=0.01 and p=0.06; 

respectively). After BDL, K8 WT mice displayed significantly higher human K8 levels, 

while no differences in mouse K8/18 were noted.   
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K8/K18 mRNA levels were confirmed at the protein levels by immunoblotting of 

total liver homogenates (data not shown). All fibrosis models in mice lead to K8/K18 over 

expression in K8 WT and K8 G62C mice, but upregulations of K8/K18 were significantly 

higher in human K8 WT mice, however the reason for such a differential keratin regulation 

remains unknown.   

 

 

Figure 3.11. K8 mRNA expression levels were significantly increased in all fibrotic 

models while only a trend towards higher keratin 18 mRNA level was seen after CCl4 

treatment. NT: Non-treated group; WT: wild type; mRNA was isolated from at least 3 

independent livers per genotype. Mouse L7 gene was used as an internal control. 

Values are shown as means ± SD. 
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4. DISCUSSION 

 

4.1 Exonic K8/18 variants predispose to development of chronic hepatitis C 

infection , but not of hereditary hemochromatosis 

4.1.1 Exonic keratin variants are overrepresented in CHC patients 

To better understand the clinical relevance of K8/18 variants in patients with 

specific liver disorders, we studied cohorts of subjects with CHC infection and HHC. 

Despite the fact that we did not analyse the entire coding regions of K8/K18, amino-acid-

altering keratin variants were seen in 13.9% of US patients with CHC (170/1222) which is 

similar to the occurrence of keratin variants in large US cohorts consisting of patients with 

end-stage liver disease of multiple etiologies (variant frequency 12.4 %) or subjects with 

acute liver failure (variant frequency 13.1 %; [56, 140]). On the other hand, lower keratin 

variant frequencies were reported in two European studies, which analyzed patients with 

CHC infection or PBC  and similarly to the present report included patients with all ranges 

of liver disease severity (7.3% and 8.5%; [132, 169]). The lower percentage of keratin 

variants in European studies might be due to unequal frequencies of K8/K18 variants in 

different populations (see below for details) or due to the fact that they included patients 

with less severe disease.  

In our cohort, K8 variants were significantly more common (total of 161 patients) 

than K18 variants (9 patients) (p<0.001) which is in a good agreement with previous 

studies [132, 140, 169]. Anyhow, the frequency of K8/K18 variants in our CHC patients 

was significantly higher than in the previously reported US control group (3.7%) (p=0.001; 

[66]) showing that K8/K18 variants are significantly overrepresented in CHC subjects. The 

exact reasons for this finding remain unknown. As a potential explanation, K8/K18 

variants may affect the likelihood of becoming infected with the hepatitis C virus or the 

likelihood of developing a chronic disease. To that end, K8/K18 interacts with core protein 

of HCV, which represents the building block of HCV nucleocapsid [44]. Furthermore, a 

previous study [132] suggested that patients harbouring K8/K18 variants have a trend 

towards stronger inflammation. Therefore, it is conceivable, that patients carrying these 

variants are more likely to become identified during regular screening exams for example 

because they may more often present with elevated serum transaminase levels. 
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Our analysis of HHC patients detected amino-acid-altering keratin variants in 10 of 

162 HHC patients (variant frequency 6.2%) which was comparable to the respective 

control group (8.1%). Further studies are needed to determine, whether the high frequency 

of K8/K18 variants in the European control samples represents a true difference to the US 

population (variant frequency of 3,7%,[56]) or not. Anyhow, we could not confirm the 

previously reported overrepresentation of K8/K18 variants in HHC patients [74].  

 

4.1.2 K8 R341H variant is overrepresented in CHC patients 

Among single point mutations, K8 R341H was the most common one (76 subjects; 

variant frequency 6.2 %) in chronic hepatitis C cohort and its occurrence was comparable 

with the frequency seen in US subjects with acute liver failure (6.7%; [140]) or end-stage 

liver disease (6.4%; [56]) but significantly higher than in US controls (variant frequency 

2.9%; p=0.02; [56]). On the other hand, K8 R341H variant was found only in 4 patients 

(variant frequency 2.5%) with HHC, which is comparable with the frequency seen in liver-

healthy Caucasians [140] and hitherto analyzed control subjects (variant frequency 3.8%), 

but lower than in a previously analyzed US HHC patient cohort (variant frequency 7.6%, 

p=0.08, [74]) as well as patients with severe liver disease (vs 6.7% in total ALF, p= 0.06 

and vs 7.1% in Caucasian ALF patients p=0.04 [140], 6.4% p=0.07 in end-stage liver 

disease[56]). 

Another common variant, K8 G62C was seen in 14 subjects from HALT-C cohort 

(1.1%) and in three patients with HHC (1.9%) which is similar to its frequency among 

patients with end-stage liver diseases of multiple disease etiologies (1.3% [56]) and among 

ALF patients (1.2%[140]) as well as subjects with chronic Hepatitis C in previous study 

(vs 1.8%[132]) and with PBC (2.0%,[169]). Of note, a large European study reported a 

comparable frequency of K8 G62C variants in patients with liver disease and in a 

respective control group [34]. In conclusion, there is currently no human evidence 

convincingly demonstrating an overrepresentation of this variant in liver disease patients. 

Similar to the previous studies, K8 L227L variant was detected in ~50% of patients with 

HHC as well as of control subjects ([66],[140]) and this supports the previous findings that 

it constitutes a common polymorphism. 

Among the rare variants, K8 Y54H was found in 6 patients with CHC (0.5%), and 

was seen mainly in subjects of AA origin (variant frequency 2.1%). However even in this 
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subgroup, it did not reach the frequency seen in other cohorts of patients with liver disease 

(7.2%; [140]). It might be difficult to compare the frequency of this variant among 

different studies since it has been shown previously that this variant displays a large 

variation even between different African populations [155]. K8 I63V was comparably rare 

in CHC subjects (0.4%) , which fits to the previous reports suggesting that it likely 

represents a polymorphism, which was detected at similar or higher frequencies in the 

respective control groups [56, 132].  

The most common variant found in K18, which may not represent a polymorphism, 

is N-terminal domain Δ65-72 deletion (K18 c. 193_216 del24) which is observed in two 

patients with HCV in our cohort. Up to date, this exonic deletion was found in only 2 

patients with viral hepatitis [56] and in one patient with ALF [140]. Although, the 

pathogenic significance of this variant in liver diseases is unknown, it is tempting to 

speculate that the deletion in the head domain may result in protein instability.  

 

4.1.3 Exonic keratin variants segregate with unique ethnic backgrounds  

Previous studies [56, 99, 140] suggested that keratin variants segregate with unique 

ethnic backgrounds. We further extended these observations in that the variant K8 R341H 

was most prevalent in Hispanics (11.8%), then Caucasians (6.1%), and was found at 

relatively low levels in African Americans (4.3%) in the HALT-C cohort. While we are 

first to report the ethnic segregation of this variant, the frequency of K8 R341H in 

Caucasians in our study is similar to the occurrence of this variants in Caucasians with 

ALF (variant frequency 7.2%; [56, 140]). On the other hand, Hispanics with acute and 

chronic liver diseases analysed in previous studies also displayed high percentages of this 

variant but the numbers of available individuals were too low to reach statistical 

significance (14.3%; [140]). Further analyses in Hispanic patients are warranted to 

characterise the distribution of keratin variants in this important ethnicity.  

In our study, K8 G434S was the most common amino-acid altering variant seen in 

AA patients (9.1 %) and was significantly more abundant in this ethnicity compared to 

other ethnic groups (p<0.009). However, it did not reach the frequency observed in AA 

subjects with end stage liver disease of multiple etiologies (23.1%; [56, 66]) and in patients 

with ALF (24.4%; p=0.04;  [140]). On the other hand, the frequency of K8 G434S was 

comparable to the occurrence in a previously analysed AA control group (add frequency 
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and reference).  Similar findings were obtained for K8 Y54H which as reported previously 

([34] 55,[132]) segregated with AA ethnicity in the HALT-C cohort but was found at 

comparably low levels (see above for details). Among non-amino altering variants, K8 

A333A was significantly enriched in AA patients within the HALT-C cohort (variant 

frequency 6.4%, p< compared to other ethnicities), but its occurrence did not reach the 

frequency found in patients with acute and chronic liver diseases (11.6%;[140]) or in the 

previously studied AA control group (12.7%; [140]). In summary, among HALT-C 

subjects, seven different K8/18 variants (K8 Y54H/A333A/A338A/G434S/G471E and 

K18 G69A/Y94Y) seem to be enriched in African American versus Caucasian population 

(19.8% vs 1.2%, p< 0.001), which confirms the previously reported data [34, 132].  

  

4.1.4 Seven novel variants were identified in patients with CHC and HHC  

Among the newly described variants, our in vitro studies suggested that proline 

replacement of conserved K18 R45 increases the solubility of keratins. This is somewhat 

surprising since this substitution replaces a charged residue and charged residues are 

typically considered to increase protein solubility [138]. Accordingly, charged residues are 

enriched in the head and/or tail domains of the more soluble simple epithelial keratins 

while the hydrophobic prolines are more abundant in the terminal domains of hair keratins 

[138]. However, some studies suggested that proline may increase protein solubility via 

formation of higher order structures [116]. Another way how an addition of proline may 

affect the solubility of proteins is an introduction of a novel phosphorylation side. 

According to an in-silico prediction (NetPhosK 1.0. Server; [10]) the mutation K18 P45 

increases the affinity of p38 kinase as well as cdk5 to K18 S44 albeit to a relatively low 

score of 0.50. This result was tempting since p38 kinase phosphorylates K8/K18 and 

regulates keratin network architecture [49];[164]; [88]. However, a p38α in vitro kinase 

assay detected similar overall phosphorylation stoichiometry in the non-mutated K18 and 

the K18 R45P. Further studies are needed to determine the precise phosphorylation at K18 

S44 residue as well as the involvement of other p38 kinase family members such as p38α, 

p38β, p38γ or p38δ in this process. 

Another potential mechanism how K18 R45P mutation may increase keratin 

solubility is an altered binding to associated proteins. Amino acid altering mutation K18 

R45P is located in close proximity to K18 S33, which becomes phosphorylated during 

mitosis and regulates the association with the 14-3-3 family members [58]. However, our 
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analyses did not show an altered affinity of K18 R45P to 14-3-3 protein. In summary, 

further studies are needed to find out how K18 R45P variant leads to an increased keratin 

solubility. 

 

4.2 Intronic K8/18 variants associate with liver fibrosis progression in patients 

with HHC, but not with CHC 

The frequency of non-coding keratin variants in HALT-C subjects was 2%, which 

is significantly lower than the frequency seen in previously analysed patients with chronic 

hepatitis C infection. Of note, this result holds true even when we compare only the 

regions which were analysed in both studies (2% vs 4.0%; p=0.04; [132]). On the other 

hand, HHC subjects and HALT-C individuals displayed similar rate of intronic K8/K18 

variants. 

In the HALT-C study, the occurrence of non-coding keratin variants was 

significantly higher in African Americans compared to Caucasians (4.3% vs 1.7%; 

p=0.05). Of note, even higher frequencies were observed in AA ALF patients (4.3% vs. 

14.0%; p=0.03; [140], while intronic variants were rare in AA control group (2.0%; p=0.26 

[140]. Therefore, similar to exonic variants, intronic keratin variants segregate with unique 

ethnic/race backgrounds. Given the overall low incidence of non-coding K8/K18 variants, 

further studies are needed to determine the precise association of particular intronic 

variants with different ethnic/race backgrounds or liver diseases.  

Unexpectedly, the intronic variants were overrepresented in HHC patients with 

liver cirrhosis (8.2% vs 1.0% in non-cirrhotics with HHC, p=0.02). This finding represents 

the first association between intronic K8/K18 variants and progression of a liver disease. 

Furthermore, there was a trend for intronic variants to be more abundant in primary biliary 

cirrhosis patients as compared to the control group; however their association with liver 

disease progression was not analyzed [169]. On the other hand, non-coding variants did not 

associate with liver fibrosis development in patients with chronic hepatitis C infection 

[132]. While the precise biological significance of non-coding keratin variants remains to 

be determined, they may very well be functional, given that introns harbour multiple 

functional elements that regulate alternative splicing or transcription [18]. For example, an 

aberrantly spliced KRT8 isoform lacking the caspase cleavage side was found in a patient 

with a lung cancer; however the molecular mechanism leading to this event was not 



 Chapter 4 Discussion 

 

 96

elucidated [154]. Another splice site mutation was observed in KRT1 where it caused a 

large deletion (Δ176-197) in the 1A helical domain and led to a disease termed 

palmoplantar keratoderma [158].  

 

4.3 K8/18 variants associate with liver disease development in CHC patients 

Among keratin variants, 12 different biologically relevant variants (called 

significant variants) were found in 128 patients with CHC (variant frequency 10.5%), 

which is significantly higher than the frequency in previously analyzed CHC patients ( vs 

5.8%, p=0.01  [132]), but similar to the frequency in patients with ALF ( vs 13.1%, p=0.17  

[140]) and to the prevalence seen in liver explants of patients harbouring end-stage liver 

disease/cirrhosis from multiple liver disease etiologies (12.4%; [56]). Furthermore, 

similarly high rate of significant keratin variants was observed in stage-4 fibrotic patients 

with CHC (10.3%; [132]) and in stage 3-4 fibrotic patients with PBC (9.5%; [169]). 

Moreover, the biologically relevant K8 variants in our study were over-expressed in 

cirrhotic versus non-cirrhotic patients (12.5% in cirrhotics vs 8.7% in non-cirrhotics, 

p=0.03; relative risk= 1.4 with 95% confidence interval (Cl) 1.0-2.0) which is in agreement 

with previous studies showing strong association of biologically relevant K8/K18 exonic 

variants with increasing fibrosis which was seen with p value 0.05 [132] and with 

advanced stages of PBS versus early stage of PBC with p<0.04 (odds ratio, 3.25, 95% Cl 

1.02–10.4 [169]). The differences between both CHC cohorts (i.e. higher overall frequency 

of K8/K18 variants and weaker association with liver fibrosis progression in the HALT-C 

study) are likely due to the fact that they included different patient subgroups. Most 

importantly, HALT-C study included only subjects, who failed a previous interferon 

treatment and displayed advanced fibrosis stage [112] and this selection bias likely 

impaired our ability to analyze the relationship between the presences of K8/K18 variants a 

liver fibrosis development.   

Furthermore, total K8/18 variants associated significantly with adverse clinical 

outcomes in patients with CHC (p=0.02) and the association was even more significant in 

the case of biologically relevant K8/18 variants (p=0.006). In summary, our results indicate 

that significant K8/18 mutations represent a risk factor to develop a severe liver disease. 

 



 Chapter 4 Discussion 

 

 97

4.3.1. K8 G62C variant may predispose to liver cirrhosis development in patients 

with CHC or HHC 

K8/K18 variants are not only overrepresented in liver disease patients compared to 

liver-healthy controls, but seem to be particularly numerous in subjects with advanced 

hepatic fibrosis [132, 169].To that end, the frequency of the most common biologically 

relevant variant K8 R341H in HALT-C (which consist of patients with advanced liver 

fibrosis stages) was identical to its occurrence in previously reported stage-4 fibrotic 

patients with CHC (6.2% vs 5.1% p=1.0 [132]) and stage III-IV fibrotic PBC patients (vs 

4.8% p=0.67 [169]). On the other hand, the distribution did not differ significantly between 

cirrhotic and non-cirrhotic HALT-C subjects (7.2% vs 5.6%, p=0.28), which might be due 

to the fact that all HALT-C participants displayed an advanced liver fibrosis.  Furthermore, 

the frequency of K8 G434S variant also did not differ between cirrhotic and non-cirrhotic 

patients. However, this result has to be interpreted with caution since we were not able to 

analyse the ethnical composition of the cirrhotic and non-cirrhotic subgroup, which is 

crucial when analysing this variant preferentially found in subjects of African descent 

[140].  

Despite the experimental data which strongly suggest its biological significance, no 

human association study up to date was able to clearly demonstrate an impact of the K8 

G62C variant on development of liver disease [66, 132, 140, 169]. In the HALT-C study, 

this variant was seen preferentially in cirrhotic patients compared to non-cirrhotics 

(p=0.07; relative risk=2.8 with 95% Cl 1.0-8.4), albeit the difference did not reach 

statistical significance. Similarly, the same variant was found exclusively in cirrhotic HHC 

subjects and was observed in six patients with end-stage liver disease but only in one 

subject in the respective control group (this study). While these data collectively point 

towards an unfavourable biological effect of the K8 G62C variant, additional studies are 

needed to unambiguously define the role of this comparably rare K8 variant in liver 

disease. 

 

4.3.2. In vitro studies elucidate the pathogenic role of K8/18 variants 

While human association data are helpful to gain insight into the role of keratin 

variants in human liver disease, they are neither suited to elucidate the precise underlying 

pathomechanisms nor to prove the biological significance of rare variants. This is why in 
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siliko studies, cell culture experiments and transgenic animals are being used in addition 

[99, 139]. For example, protein structure predictions suggested a destabilizing effect of K8 

R341H variant on the keratin rod domain [56]. Cell culture studies showed that K8 Y54H 

variant forms filaments which become unstable after exposure to heat or phosphatase 

inhibitor okadaic acid [53]; thereby, suggesting a pathomechanism which might be 

responsible for development of advanced fibrosis in AA patients [132]. K8 G434S variant 

decreased K8 S431 phosphorylation in response to extracellular-regulated-kinase-1/2 [56] 

and may therefore impair the remodelling of keratins during mitosis and in response to 

epidermal growth factor [64]. While the human data about the biological significance of 

K8 G62C variant are limited, in vitro studies demonstrated that it diminishes keratin 

phosphorylation at the adjacent S74 as well as leads to formation of highly insoluble 

keratin crosslinks and limited keratin remodelling after exposure to oxidative stress [53, 

60]. On the other hand, it did not affect the susceptibility of primary hepatocytes to iron 

toxicity suggesting that the effect of keratin variants is restricted to specific disease 

contexts [133]. The rare variant K8 K464N which was found only in one non-cirrhotic 

patient in HALT-C was described to compromise the process of keratin heterodimer 

formation [104]. However, the in vitro experimental data need to be interpreted with 

caution and together with the other lines of evidence. In this respect, K8 I63V variant 

affected keratin filament organisation in cell culture [104], while multiple human studies 

suggest that it represents a polymorphism rather than a disease-promoting variant [56, 

132]. On the other hand, the K14 R125H variant, which was known to cause the 

development of severe blistering human skin disease, forms bone fide filaments in vitro 

[20, 38].   

 

4.3.3. Transgenic mouse models help to uncover the role of keratins in human 

disease 

To directly analyse the role of keratins in complex pathological processes, 

transgenic animals carrying human keratin variants have been developed. In the case of K8 

G62C, transgenic mice displayed an increased sensitivity to Fas-mediated apoptosis which 

was due to disturbed phosphorylation at K8 S74 with an increased activity of stress 

activated protein kinases (SAPK) against pro-apoptotic substrates such as cAMP response 

element-binding protein (CREB), JNK, 90 kDa ribosomal protein S6 kinase-1 (p90RSK) 

[66]. An impaired phosphorylation was also likely responsible for the susceptibility of K8 
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G62C mice towards a phosphatase inhibitor-mediated liver injury [66]. In contrast to these 

models of acute liver injury, our own studies did not found any impact of the variants K8 

G62C or R341H on liver fibrosis development. Several reasons might account for this 

observation, which is in apparent conflict with human data. First, K8 overexpressing mice, 

which were used in our studies, may not faithfully reproduce the heterozygous mutations 

observed in humans. To that end, keratin overexpression was shown to lead to a gain of 

function toxicity in pancreas [150] and seems to increase the liver injury in response to 

high fat diet feeding [71]. This is why we are currently generating knock-in mice 

harbouring selected keratin variants. Secondly, the effect of keratin variants was shown to 

be restricted to specific pathways. Therefore, it is conceivable that the animal models 

tested do not faithfully mimic the human conditions sensitive to presence of keratin 

variants. As an example, keratin variants do not seem to affect the development of liver 

fibrosis in patients with hemochromatosis, which meshes well with the mouse findings 

which did not reveal any impact of keratin variants on hepatic iron accumulation or iron-

induced hepatocellular injury (this study). 
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5. SUMMARY 

 

Keratins 8 and 18 (K8/K18) are the major intermediate filaments of single 

layered/glandular epithelia and the only keratins expressed in adult hepatocytes. 

Transgenic mice deficient in K8/18 display no/only a minimal liver phenotype under basal 

conditions but are susceptible to various forms of hepatic stresses. The animal data led to 

human association studies, which identified K8/K18 variants as a risk factor for 

development and adverse outcome of acute liver failure and for liver fibrosis progression 

in patients with chronic hepatitis C infection (CHC) or primary biliary cirrhosis. K8/K18 

variants display an ethnic association with K8 G62C/R341H variants being most common 

in Caucasian subjects while K8 Y54H/G434S are the most numerous variants in patients of 

African descent. A small study suggested an overrepresentation of K8 R341H variant in 

patients with hereditary hemochromatosis (HHC) carrying homozygous C282Y HFE 

mutation, but no association with liver fibrosis development was seen. 

  To better define the importance of K8/K18 variants in HHC and CHC, we 

analysed a cohort of 162 European hemochromatosis patients and an US cohort of 1222 

patients enrolled in the Hepatitis C Antiviral Long-term Treatment against Cirrhosis 

(HALT-C). Genomic DNA was isolated from peripheral blood. Exonic regions carrying 

K8/K18 mutational hot-spots were PCR-amplified and analyzed using denaturing high-

performance liquid chromatography and DNA sequencing. The observed variant 

frequencies were compared to data derived from previously studied control cohorts. The 

biological significance of novel K8/K18 variants was assessed in transfected cell lines. 

Transgenic animals overexpressing K8 G62C variant were subjected to the established 

liver fibrosis models and a nutritional iron overload. Finally the iron toxicity was analysed 

in the primary hepatocytes isolated from K8 G62C animals. 

In HALT-C study, (1) 128 out of 1222 patients (10.5%) harbored likely 

biologically significant, amino-acid altering K8/K18 variants including six novel variants 

(K8 A345S/A447V/G471E and K18 R45P/Y94Y/T410T).  (2) African American patients 

had the highest frequency of amino acid altering K8/K18 variants (27.8% vs 11.1% in 

Caucasians (p=0.0001) and vs 14.7% in Hispanics (p=0.04)); (3) K8 R341H and G62C 

were the most common variants among Caucasians with 6.1% and 1.4%, respectively, 

whereas K8 A333A and K8 G434S were most numerous in African-Americans with 6.4% 

and 9.1%, respectively; (4) Both K8 A333A and K8 G434S were significantly 
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overrepresented in African-Americans compared to Caucasians (p<0.0001 for each); (5) 

Total K8/K18 variants and the K8 R341H variant are significantly overrepresented in CHC 

Caucasians compared to Caucasian controls (total: 11.1 vs 3.4% (p=0.0001); K8 R341H: 

6.1% vs 3.2% (p=0.007)). (6) K8 variants are significantly overrepresented in cirrhotic 

patients with CHC compared to non-cirrhotics (12.5% vs 8.7%; p=0.03); (7) Biologically 

significant K8/K18 variants associated with adverse CHC outcome (p=0.006); (8) The 

novel K18 R45P variant increased keratin solubility in vitro.  

Among the 162 HHC patients (1) 10 (6.2%) harbored amino-acid altering 

heterozygous K8/K18 variants including two novel variants (K8 Q169E/R275W) (2) Non-

coding heterozygous K8/18 variants were found in 6 additional patients (3.7%); (3) The 

frequency of the most common significant variants, K8 G62C and K8 R341H, did not 

significantly differ between cirrhotic and non-cirrhotic patients (6.6% vs 3.0%); (4) The 

non-coding KRT8 variants were significantly overrepresented in cirrhotic patients (8.2% 

vs 1.0%, p=0.02).  

In transgenic mice and primary hepatocytes, the presence of K8 G62C variant did 

not affect the extent of iron-accumulation in response to iron-rich diet or the magnitude of 

iron-induced hepatocellular injury. Finally, K8 G62C variants did not predispose to liver 

fibrosis development in three different established liver fibrosis models.  

Consequently, exonic K8/K18 variants predispose to CHC disease progression and 

some variants segregate with unique ethnic and race backgrounds. Intronic K8/18 variants 

associate with liver fibrosis progression in patients with HHC, but not with CHC. The 

experimental data do not support the importance of K8 G62C variant in development of 

iron-mediated liver injury or liver fibrosis development in general. 

 
 
 
 
 



 Chapter 6 References 

 102

6. REFERENCES 

 

[1] Albers, K. M.: Keratin biochemistry. Clin Dermatol 14, 309-320 (1996). 
[2] Alexander, J., and Kowdley, K. V.: HFE-associated hereditary hemochromatosis. 

Genet Med 11, 307-313 (2009). 
[3] Anand, B. S., and Velez, M.: Assessment of correlation between serum titers of 

hepatitis C virus and severity of liver disease. World J Gastroenterol 10, 2409-
2411 (2004). 

[4] Asselah, T., Bieche, I., Sabbagh, A., Bedossa, P., Moreau, R., Valla, D., Vidaud, 
M., and Marcellin, P.: Gene expression and hepatitis C virus infection. Gut 58, 846-
858 (2009). 

[5] Bacon, B. R.: Hemochromatosis: diagnosis and management. Gastroenterology 
120, 718-725 (2001). 

[6] Baribault, H., Penner, J., Iozzo, R. V., and Wilson-Heiner, M.: Colorectal 
hyperplasia and inflammation in keratin 8-deficient FVB/N mice. Genes Dev 8, 
2964-2973 (1994). 

[7] Baribault, H., Price, J., Miyai, K., and Oshima, R. G.: Mid-gestational lethality in 
mice lacking keratin 8. Genes Dev 7, 1191-1202 (1993). 

[8] Bataller, R., and Brenner, D. A.: Liver fibrosis. J Clin Invest 115, 209-218 (2005). 
[9] Bataller, R., North, K. E., and Brenner, D. A.: Genetic polymorphisms and the 

progression of liver fibrosis: a critical appraisal. Hepatology 37, 493-503 (2003). 
[10] Blom, N., Sicheritz-Ponten, T., Gupta, R., Gammeltoft, S., and Brunak, S.: 

Prediction of post-translational glycosylation and phosphorylation of proteins from 
the amino acid sequence. Proteomics 4, 1633-1649 (2004). 

[11] Boller, K., Kemler, R., Baribault, H., and Doetschman, T.: Differential distribution 
of cytokeratins after microinjection of anti-cytokeratin monoclonal antibodies. Eur 
J Cell Biol 43, 459-468 (1987). 

[12] Butin-Israeli, V., Adam, S. A., Goldman, A. E., and Goldman, R. D.: Nuclear lamin 
functions and disease. Trends Genet 28, 464-471 (2012). 

[13] Caulin, C., Salvesen, G. S., and Oshima, R. G.: Caspase cleavage of keratin 18 and 
reorganization of intermediate filaments during epithelial cell apoptosis. J Cell Biol 
138, 1379-1394 (1997). 

[14] Caulin, C., Ware, C. F., Magin, T. M., and Oshima, R. G.: Keratin-dependent, 
epithelial resistance to tumor necrosis factor-induced apoptosis. J Cell Biol 149, 17-
22 (2000). 

[15] Chou, C. F., and Omary, M. B.: Mitotic arrest-associated enhancement of O-linked 
glycosylation and phosphorylation of human keratins 8 and 18. J Biol Chem 268, 
4465-4472 (1993). 

[16] Chou, C. F., and Omary, M. B.: Phorbol acetate enhances the phosphorylation of 
cytokeratins 8 and 18 in human colonic epithelial cells. FEBS Lett 282, 200-204 
(1991). 

[17] Chou, C. F., Smith, A. J., and Omary, M. B.: Characterization and dynamics of O-
linked glycosylation of human cytokeratin 8 and 18. J Biol Chem 267, 3901-3906 
(1992). 

[18] Cooper, D. N., Chen, J. M., Ball, E. V., Howells, K., Mort, M., Phillips, A. D., 
Chuzhanova, N., Krawczak, M., Kehrer-Sawatzki, H., and Stenson, P. D.: Genes, 
mutations, and human inherited disease at the dawn of the age of personalized 
genomics. Hum Mutat 31, 631-655 (2010). 



 Chapter 6 References 

 103

[19] Coulombe, P. A., Hutton, M. E., Letai, A., Hebert, A., Paller, A. S., and Fuchs, E.: 
Point mutations in human keratin 14 genes of epidermolysis bullosa simplex 
patients: genetic and functional analyses. Cell 66, 1301-1311 (1991). 

[20] Coulombe, P. A., Kerns, M. L., and Fuchs, E.: Epidermolysis bullosa simplex: a 
paradigm for disorders of tissue fragility. J Clin Invest 119, 1784-1793 (2009). 

[21] Coulombe, P. A., and Omary, M. B.: 'Hard' and 'soft' principles defining the 
structure, function and regulation of keratin intermediate filaments. Curr Opin Cell 
Biol 14, 110-122 (2002). 

[22] Depianto, D., Kerns, M. L., Dlugosz, A. A., and Coulombe, P. A.: Keratin 17 
promotes epithelial proliferation and tumor growth by polarizing the immune 
response in skin. Nat Genet 42, 910-914 (2010). 

[23] Dienstag, J. L., Ghany, M. G., Morgan, T. R., Di Bisceglie, A. M., Bonkovsky, H. 
L., Kim, H. Y., Seeff, L. B., Szabo, G., Wright, E. C., Sterling, R. K., Everson, G. 
T., Lindsay, K. L., Lee, W. M., Lok, A. S., Morishima, C., Stoddard, A. M., and 
Everhart, J. E.: A prospective study of the rate of progression in compensated, 
histologically advanced chronic hepatitis C. Hepatology 54, 396-405 (2011). 

[24] Duan, S., Yao, Z., Zhu, Y., Wang, G., Hou, D., Wen, L., and Wu, M.: The Pirh2-
keratin 8/18 interaction modulates the cellular distribution of mitochondria and 
UV-induced apoptosis. Cell Death Differ 16, 826-837 (2009). 

[25] Everhart, J. E., Lok, A. S., Kim, H. Y., Morgan, T. R., Lindsay, K. L., Chung, R. 
T., Bonkovsky, H. L., and Ghany, M. G.: Weight-related effects on disease 
progression in the hepatitis C antiviral long-term treatment against cirrhosis trial. 
Gastroenterology 137, 549-557 (2009). 

[26] Friedenberg, F., Pungpapong, S., Zaeri, N., and Braitman, L. E.: The impact of 
diabetes and obesity on liver histology in patients with hepatitis C. Diabetes Obes 
Metab 5, 150-155 (2003). 

[27] Frueh, F. W., and Noyer-Weidner, M.: The use of denaturing high-performance 
liquid chromatography (DHPLC) for the analysis of genetic variations: impact for 
diagnostics and pharmacogenetics. Clin Chem Lab Med 41, 452-461 (2003). 

[28] Fuchs, E., and Cleveland, D. W.: A structural scaffolding of intermediate filaments 
in health and disease. Science 279, 514-519 (1998). 

[29] Gao, B., Hong, F., and Radaeva, S.: Host factors and failure of interferon-alpha 
treatment in hepatitis C virus. Hepatology 39, 880-890 (2004). 

[30] Ghany, M. G., Strader, D. B., Thomas, D. L., and Seeff, L. B.: Diagnosis, 
management, and treatment of hepatitis C: an update. Hepatology 49, 1335-1374 
(2009). 

[31] Gilbert, S., Loranger, A., Daigle, N., and Marceau, N.: Simple epithelium keratins 
8 and 18 provide resistance to Fas-mediated apoptosis. The protection occurs 
through a receptor-targeting modulation. J Cell Biol 154, 763-773 (2001). 

[32] Gilbert, S., Ruel, A., Loranger, A., and Marceau, N.: Switch in Fas-activated death 
signaling pathway as result of keratin 8/18-intermediate filament loss. Apoptosis 
13, 1479-1493 (2008). 

[33] Gilmartin, M. E., Mitchell, J., Vidrich, A., and Freedberg, I. M.: Dual regulation of 
intermediate filament phosphorylation. J Cell Biol 98, 1144-1149 (1984). 

[34] Halangk, J., Berg, T., Puhl, G., Mueller, T., Nickel, R., Kage, A., Landt, O., Luck, 
W., Wiedenmann, B., Neuhaus, P., and Witt, H.: Keratin 8 Y54H and G62C 
mutations are not associated with liver disease. J Med Genet 41, e92 (2004). 

[35] Harada, M., Strnad, P., Resurreccion, E. Z., Ku, N. O., and Omary, M. B.: Keratin 
18 overexpression but not phosphorylation or filament organization blocks mouse 
Mallory body formation. Hepatology 45, 88-96 (2007). 



 Chapter 6 References 

 104

[36] Herrmann, H., Bar, H., Kreplak, L., Strelkov, S. V., and Aebi, U.: Intermediate 
filaments: from cell architecture to nanomechanics. Nat Rev Mol Cell Biol 8, 562-
573 (2007). 

[37] Herrmann, H., Hesse, M., Reichenzeller, M., Aebi, U., and Magin, T. M.: 
Functional complexity of intermediate filament cytoskeletons: from structure to 
assembly to gene ablation. Int Rev Cytol 223, 83-175 (2003). 

[38] Herrmann, H., Wedig, T., Porter, R. M., Lane, E. B., and Aebi, U.: Characterization 
of early assembly intermediates of recombinant human keratins. J Struct Biol 137, 
82-96 (2002). 

[39] Hesse, M., Berg, T., Wiedenmann, B., Spengler, U., Woitas, R. P., and Magin, T. 
M.: A frequent keratin 8 p.L227L polymorphism, but no point mutations in keratin 
8 and 18 genes, in patients with various liver disorders. J Med Genet 41, e42 
(2004). 

[40] Inada, H., Izawa, I., Nishizawa, M., Fujita, E., Kiyono, T., Takahashi, T., Momoi, 
T., and Inagaki, M.: Keratin attenuates tumor necrosis factor-induced cytotoxicity 
through association with TRADD. J Cell Biol 155, 415-426 (2001). 

[41] Ishak, K., Baptista, A., Bianchi, L., Callea, F., De Groote, J., Gudat, F., Denk, H., 
Desmet, V., Korb, G., MacSween, R. N., and et al.: Histological grading and 
staging of chronic hepatitis. J Hepatol 22, 696-699 (1995). 

[42] Izawa, I., Nishizawa, M., Ohtakara, K., Ohtsuka, K., Inada, H., and Inagaki, M.: 
Identification of Mrj, a DnaJ/Hsp40 family protein, as a keratin 8/18 filament 
regulatory protein. J Biol Chem 275, 34521-34527 (2000). 

[43] Jiao, J., Friedman, S. L., and Aloman, C.: Hepatic fibrosis. Curr Opin 
Gastroenterol 25, 223-229 (2009). 

[44] Kang, S. M., Shin, M. J., Kim, J. H., and Oh, J. W.: Proteomic profiling of cellular 
proteins interacting with the hepatitis C virus core protein. Proteomics 5, 2227-
2237 (2005). 

[45] Karantza, V.: Keratins in health and cancer: more than mere epithelial cell markers. 
Oncogene 30, 127-138 (2011). 

[46] Kazemi-Shirazi, L., Datz, C., Maier-Dobersberger, T., Kaserer, K., Hackl, F., Polli, 
C., Steindl, P. E., Penner, E., and Ferenci, P.: The relation of iron status and 
hemochromatosis gene mutations in patients with chronic hepatitis C. 
Gastroenterology 116, 127-134 (1999). 

[47] Kim, S., and Coulombe, P. A.: Intermediate filament scaffolds fulfill mechanical, 
organizational, and signaling functions in the cytoplasm. Genes Dev 21, 1581-1597 
(2007). 

[48] Kim, S., Wong, P., and Coulombe, P. A.: A keratin cytoskeletal protein regulates 
protein synthesis and epithelial cell growth. Nature 441, 362-365 (2006). 

[49] Ku, N. O., Azhar, S., and Omary, M. B.: Keratin 8 phosphorylation by p38 kinase 
regulates cellular keratin filament reorganization: modulation by a keratin 1-like 
disease causing mutation. J Biol Chem 277, 10775-10782 (2002). 

[50] Ku, N. O., Azhar, S., and Omary, M. B.: Keratin 8 phosphorylation by p38 kinase 
regulates cellular keratin filament reorganization: modulation by a keratin 1-like 
disease causing mutation. J Biol Chem 277, 10775-10782 (2002). 

[51] Ku, N. O., Darling, J. M., Krams, S. M., Esquivel, C. O., Keeffe, E. B., Sibley, R. 
K., Lee, Y. M., Wright, T. L., and Omary, M. B.: Keratin 8 and 18 mutations are 
risk factors for developing liver disease of multiple etiologies. Proc Natl Acad Sci 
U S A 100, 6063-6068 (2003). 

[52] Ku, N. O., Fu, H., and Omary, M. B.: Raf-1 activation disrupts its binding to 
keratins during cell stress. J Cell Biol 166, 479-485 (2004). 



 Chapter 6 References 

 105

[53] Ku, N. O., Gish, R., Wright, T. L., and Omary, M. B.: Keratin 8 mutations in 
patients with cryptogenic liver disease. N Engl J Med 344, 1580-1587 (2001). 

[54] Ku, N. O., Liao, J., and Omary, M. B.: Apoptosis generates stable fragments of 
human type I keratins. J Biol Chem 272, 33197-33203 (1997). 

[55] Ku, N. O., Liao, J., and Omary, M. B.: Phosphorylation of human keratin 18 serine 
33 regulates binding to 14-3-3 proteins. EMBO J 17, 1892-1906 (1998). 

[56] Ku, N. O., Lim, J. K., Krams, S. M., Esquivel, C. O., Keeffe, E. B., Wright, T. L., 
Parry, D. A., and Omary, M. B.: Keratins as susceptibility genes for end-stage liver 
disease. Gastroenterology 129, 885-893 (2005). 

[57] Ku, N. O., Michie, S., Oshima, R. G., and Omary, M. B.: Chronic hepatitis, 
hepatocyte fragility, and increased soluble phosphoglycokeratins in transgenic mice 
expressing a keratin 18 conserved arginine mutant. J Cell Biol 131, 1303-1314 
(1995). 

[58] Ku, N. O., Michie, S., Resurreccion, E. Z., Broome, R. L., and Omary, M. B.: 
Keratin binding to 14-3-3 proteins modulates keratin filaments and hepatocyte 
mitotic progression. Proc Natl Acad Sci U S A 99, 4373-4378 (2002). 

[59] Ku, N. O., Michie, S. A., Soetikno, R. M., Resurreccion, E. Z., Broome, R. L., and 
Omary, M. B.: Mutation of a major keratin phosphorylation site predisposes to 
hepatotoxic injury in transgenic mice. J Cell Biol 143, 2023-2032 (1998). 

[60] Ku, N. O., and Omary, M. B.: A disease- and phosphorylation-related 
nonmechanical function for keratin 8. J Cell Biol 174, 115-125 (2006). 

[61] Ku, N. O., and Omary, M. B.: Effect of mutation and phosphorylation of type I 
keratins on their caspase-mediated degradation. J Biol Chem 276, 26792-26798 
(2001). 

[62] Ku, N. O., and Omary, M. B.: Expression, glycosylation, and phosphorylation of 
human keratins 8 and 18 in insect cells. Exp Cell Res 211, 24-35 (1994). 

[63] Ku, N. O., and Omary, M. B.: Identification and mutational analysis of the 
glycosylation sites of human keratin 18. J Biol Chem 270, 11820-11827 (1995). 

[64] Ku, N. O., and Omary, M. B.: Phosphorylation of human keratin 8 in vivo at 
conserved head domain serine 23 and at epidermal growth factor-stimulated tail 
domain serine 431. J Biol Chem 272, 7556-7564 (1997). 

[65] Ku, N. O., Soetikno, R. M., and Omary, M. B.: Keratin mutation in transgenic mice 
predisposes to Fas but not TNF-induced apoptosis and massive liver injury. 
Hepatology 37, 1006-1014 (2003). 

[66] Ku, N. O., Strnad, P., Zhong, B. H., Tao, G. Z., and Omary, M. B.: Keratins let 
liver live: Mutations predispose to liver disease and crosslinking generates 
Mallory-Denk bodies. Hepatology 46, 1639-1649 (2007). 

[67] Ku, N. O., Toivola, D. M., Strnad, P., and Omary, M. B.: Cytoskeletal keratin 
glycosylation protects epithelial tissue from injury. Nat Cell Biol 12, 876-885 
(2010). 

[68] Ku, N. O., Toivola, D. M., Zhou, Q., Tao, G. Z., Zhong, B., and Omary, M. B.: 
Studying simple epithelial keratins in cells and tissues. Methods Cell Biol 78, 489-
517 (2004). 

[69] Ku, N. O., Wright, T. L., Terrault, N. A., Gish, R., and Omary, M. B.: Mutation of 
human keratin 18 in association with cryptogenic cirrhosis. J Clin Invest 99, 19-23 
(1997). 

[70] Ku, N. O., Zhou, X., Toivola, D. M., and Omary, M. B.: The cytoskeleton of 
digestive epithelia in health and disease. Am J Physiol 277, G1108-1137 (1999). 



 Chapter 6 References 

 106

[71] Kucukoglu, O., Guldiken, N., Chen, Y., Denk, H., Haybaeck, J., and Strnad, P.: 
High fatty diet reinforced Mallory-Denk body formation. (publication in 
preparation). 

[72] Kwan, R., Hanada, S., Harada, M., Strnad, P., Li, D. H., and Omary, M. B.: Keratin 
8 phosphorylation regulates its transamidation and hepatocyte Mallory-Denk body 
formation. Faseb J 26, 2318-2326 (2012). 

[73] Lee, J. C., Schickling, O., Stegh, A. H., Oshima, R. G., Dinsdale, D., Cohen, G. M., 
and Peter, M. E.: DEDD regulates degradation of intermediate filaments during 
apoptosis. J Cell Biol 158, 1051-1066 (2002). 

[74] Lee, P., Gelbart, T., West, C., Halloran, C., and Beutler, E.: Seeking candidate 
mutations that affect iron homeostasis. Blood Cells Mol Dis 29, 471-487 (2002). 

[75] Lee, W. M., Dienstag, J. L., Lindsay, K. L., Lok, A. S., Bonkovsky, H. L., 
Shiffman, M. L., Everson, G. T., Di Bisceglie, A. M., Morgan, T. R., Ghany, M. 
G., Morishima, C., Wright, E. C., and Everhart, J. E.: Evolution of the HALT-C 
Trial: pegylated interferon as maintenance therapy for chronic hepatitis C in 
previous interferon nonresponders. Control Clin Trials 25, 472-492 (2004). 

[76] Leifeld, L., Kothe, S., Sohl, G., Hesse, M., Sauerbruch, T., Magin, T. M., and 
Spengler, U.: Keratin 18 provides resistance to Fas-mediated liver failure in mice. 
Eur J Clin Invest 39, 481-488 (2009). 

[77] Liao, J., Ku, N. O., and Omary, M. B.: Stress, apoptosis, and mitosis induce 
phosphorylation of human keratin 8 at Ser-73 in tissues and cultured cells. J Biol 
Chem 272, 17565-17573 (1997). 

[78] Liao, J., Lowthert, L. A., Ghori, N., and Omary, M. B.: The 70-kDa heat shock 
proteins associate with glandular intermediate filaments in an ATP-dependent 
manner. J Biol Chem 270, 915-922 (1995). 

[79] Liao, J., Lowthert, L. A., Ku, N. O., Fernandez, R., and Omary, M. B.: Dynamics 
of human keratin 18 phosphorylation: polarized distribution of phosphorylated 
keratins in simple epithelial tissues. J Cell Biol 131, 1291-1301 (1995). 

[80] Liao, J., and Omary, M. B.: 14-3-3 proteins associate with phosphorylated simple 
epithelial keratins during cell cycle progression and act as a solubility cofactor. J 
Cell Biol 133, 345-357 (1996). 

[81] Lin, Y. M., Chen, Y. R., Lin, J. R., Wang, W. J., Inoko, A., Inagaki, M., Wu, Y. C., 
and Chen, R. H.: eIF3k regulates apoptosis in epithelial cells by releasing caspase 3 
from keratin-containing inclusions. J Cell Sci 121, 2382-2393 (2008). 

[82] Long, H. A., Boczonadi, V., McInroy, L., Goldberg, M., and Maatta, A.: 
Periplakin-dependent re-organisation of keratin cytoskeleton and loss of collective 
migration in keratin-8-downregulated epithelial sheets. J Cell Sci 119, 5147-5159 
(2006). 

[83] Magin, T. M.: Lessons from keratin transgenic and knockout mice. Subcell 
Biochem 31, 141-172 (1998). 

[84] Magin, T. M., Schroder, R., Leitgeb, S., Wanninger, F., Zatloukal, K., Grund, C., 
and Melton, D. W.: Lessons from keratin 18 knockout mice: formation of novel 
keratin filaments, secondary loss of keratin 7 and accumulation of liver-specific 
keratin 8-positive aggregates. J Cell Biol 140, 1441-1451 (1998). 

[85] Magin, T. M., Vijayaraj, P., and Leube, R. E.: Structural and regulatory functions 
of keratins. Exp Cell Res 313, 2021-2032 (2007). 

[86] Marcellin, P., Asselah, T., and Boyer, N.: Fibrosis and disease progression in 
hepatitis C. Hepatology 36, S47-56 (2002). 

[87] McHutchison, J. G., Gordon, S. C., Schiff, E. R., Shiffman, M. L., Lee, W. M., 
Rustgi, V. K., Goodman, Z. D., Ling, M. H., Cort, S., and Albrecht, J. K.: 



 Chapter 6 References 

 107

Interferon alfa-2b alone or in combination with ribavirin as initial treatment for 
chronic hepatitis C. Hepatitis Interventional Therapy Group. N Engl J Med 339, 
1485-1492 (1998). 

[88] Menon, M. B., Schwermann, J., Singh, A. K., Franz-Wachtel, M., Pabst, O., 
Seidler, U., Omary, M. B., Kotlyarov, A., and Gaestel, M.: p38 MAP kinase and 
MAPKAP kinases MK2/3 cooperatively phosphorylate epithelial keratins. J Biol 
Chem 285, 33242-33251 (2010). 

[89] Mizokami, M.: Discovery of critical host factor, IL-28B, associated with response 
to hepatitis C virus treatment. J Gastroenterol Hepatol 27, 425-429 (2012). 

[90] Moll, R., Divo, M., and Langbein, L.: The human keratins: biology and pathology. 
Histochem Cell Biol 129, 705-733 (2008). 

[91] Molnar, A., Haybaeck, J., Lackner, C., and Strnad, P.: The cytoskeleton in 
nonalcoholic steatohepatitis: 100 years old but still youthful. Expert Rev 
Gastroenterol Hepatol 5, 167-177 (2011). 

[92] Morel, I., Lescoat, G., Cillard, J., Pasdeloup, N., Brissot, P., and Cillard, P.: Kinetic 
evaluation of free malondialdehyde and enzyme leakage as indices of iron damage 
in rat hepatocyte cultures. Involvement of free radicals. Biochem Pharmacol 39, 
1647-1655 (1990). 

[93] Olive, M., Armstrong, J., Miralles, F., Pou, A., Fardeau, M., Gonzalez, L., 
Martinez, F., Fischer, D., Martinez Matos, J. A., Shatunov, A., Goldfarb, L., and 
Ferrer, I.: Phenotypic patterns of desminopathy associated with three novel 
mutations in the desmin gene. Neuromuscul Disord 17, 443-450 (2007). 

[94] Omary, M. B.: "IF-pathies": a broad spectrum of intermediate filament-associated 
diseases. J Clin Invest 119, 1756-1762 (2009). 

[95] Omary, M. B., Baxter, G. T., Chou, C. F., Riopel, C. L., Lin, W. Y., and Strulovici, 
B.: PKC epsilon-related kinase associates with and phosphorylates cytokeratin 8 
and 18. J Cell Biol 117, 583-593 (1992). 

[96] Omary, M. B., Coulombe, P. A., and McLean, W. H.: Intermediate filament 
proteins and their associated diseases. N Engl J Med 351, 2087-2100 (2004). 

[97] Omary, M. B., and Ku, N. O.: Intermediate filament proteins of the liver: emerging 
disease association and functions. Hepatology 25, 1043-1048 (1997). 

[98] Omary, M. B., Ku, N. O., Liao, J., and Price, D.: Keratin modifications and 
solubility properties in epithelial cells and in vitro. Subcell Biochem 31, 105-140 
(1998). 

[99] Omary, M. B., Ku, N. O., Strnad, P., and Hanada, S.: Toward unraveling the 
complexity of simple epithelial keratins in human disease. J Clin Invest 119, 1794-
1805 (2009). 

[100] Omary, M. B., Ku, N. O., Tao, G. Z., Toivola, D. M., and Liao, J.: "Heads and 
tails" of intermediate filament phosphorylation: multiple sites and functional 
insights. Trends Biochem Sci 31, 383-394 (2006). 

[101] Omary, M. B., Ku, N. O., and Toivola, D. M.: Keratins: guardians of the liver. 
Hepatology 35, 251-257 (2002). 

[102] Oshima, R. G.: Intermediate filaments: a historical perspective. Exp Cell Res 313, 
1981-1994 (2007). 

[103] Osterreicher, C. H., Datz, C., Stickel, F., Hellerbrand, C., Penz, M., Hofer, H., 
Wrba, F., Penner, E., Schuppan, D., and Ferenci, P.: Association of 
myeloperoxidase promotor polymorphism with cirrhosis in patients with hereditary 
hemochromatosis. J Hepatol 42, 914-919 (2005). 

[104] Owens, D. W., Wilson, N. J., Hill, A. J., Rugg, E. L., Porter, R. M., Hutcheson, A. 
M., Quinlan, R. A., van Heel, D., Parkes, M., Jewell, D. P., Campbell, S. S., Ghosh, 



 Chapter 6 References 

 108

S., Satsangi, J., and Lane, E. B.: Human keratin 8 mutations that disturb filament 
assembly observed in inflammatory bowel disease patients. J Cell Sci 117, 1989-
1999 (2004). 

[105] Perng, M. D., Cairns, L., van den, I. P., Prescott, A., Hutcheson, A. M., and 
Quinlan, R. A.: Intermediate filament interactions can be altered by HSP27 and 
alphaB-crystallin. J Cell Sci 112 ( Pt 13), 2099-2112 (1999). 

[106] Pietrangelo, A.: Hemochromatosis: an endocrine liver disease. Hepatology 46, 
1291-1301 (2007). 

[107] Pietrangelo, A., and Schilsky, M.: Metal storage disorders. Forward. Semin Liver 
Dis 31, 231-232 (2011). 

[108] Popov, Y., and Schuppan, D.: Targeting liver fibrosis: strategies for development 
and validation of antifibrotic therapies. Hepatology 50, 1294-1306 (2009). 

[109] Powell, E. E., Edwards-Smith, C. J., Hay, J. L., Clouston, A. D., Crawford, D. H., 
Shorthouse, C., Purdie, D. M., and Jonsson, J. R.: Host genetic factors influence 
disease progression in chronic hepatitis C. Hepatology 31, 828-833 (2000). 

[110] Poynard, T., Bedossa, P., and Opolon, P.: Natural history of liver fibrosis 
progression in patients with chronic hepatitis C. The OBSVIRC, METAVIR, 
CLINIVIR, and DOSVIRC groups. Lancet 349, 825-832 (1997). 

[111] Poynard, T., Colombo, M., Bruix, J., Schiff, E., Terg, R., Flamm, S., Moreno-
Otero, R., Carrilho, F., Schmidt, W., Berg, T., McGarrity, T., Heathcote, E. J., 
Goncales, F., Diago, M., Craxi, A., Silva, M., Bedossa, P., Mukhopadhyay, P., 
Griffel, L., Burroughs, M., Brass, C., and Albrecht, J.: Peginterferon alfa-2b and 
ribavirin: effective in patients with hepatitis C who failed interferon alfa/ribavirin 
therapy. Gastroenterology 136, 1618-1628 e1612 (2009). 

[112] Rakoski, M. O., Brown, M. B., Fontana, R. J., Bonkovsky, H. L., Brunt, E. M., 
Goodman, Z. D., Lok, A. S., and Omary, M. B.: Mallory-Denk bodies are 
associated with outcomes and histologic features in patients with chronic hepatitis 
C. Clin Gastroenterol Hepatol 9, 902-909 e901 (2011). 

[113] Ramm, G. A., and Ruddell, R. G.: Hepatotoxicity of iron overload: mechanisms of 
iron-induced hepatic fibrogenesis. Semin Liver Dis 25, 433-449 (2005). 

[114] Roudot-Thoraval, F., Bastie, A., Pawlotsky, J. M., and Dhumeaux, D.: 
Epidemiological factors affecting the severity of hepatitis C virus-related liver 
disease: a French survey of 6,664 patients. The Study Group for the Prevalence and 
the Epidemiology of Hepatitis C Virus. Hepatology 26, 485-490 (1997). 

[115] Ruan, L., Wang, G. L., Chen, Y., Yi, H., Tang, C. E., Zhang, P. F., Li, M. Y., Li, 
C., Peng, F., Li, J. L., Chen, Z. C., and Xiao, Z. Q.: Identification of tyrosine 
phosphoproteins in signaling pathway triggered TGF-a by using functional 
proteomics technology. Med Oncol 27, 1407-1414 (2010). 

[116] Samuel, D., Kumar, T. K., Jayaraman, G., Yang, P. W., and Yu, C.: Proline is a 
protein solubilizing solute. Biochem Mol Biol Int 41, 235-242 (1997). 

[117] Sarkar, M., Bacchetti, P., Tien, P., Mileti, E., French, A. L., Edlin, B. R., Keller, 
M., Seaberg, E., Nowicki, M. J., Young, M., and Peters, M. G.: Racial/Ethnic 
Differences in Spontaneous HCV Clearance in HIV Infected and Uninfected 
Women. Dig Dis Sci(2012). 

[118] Scaffidi, P., and Misteli, T.: Reversal of the cellular phenotype in the premature 
aging disease Hutchinson-Gilford progeria syndrome. Nat Med 11, 440-445 (2005). 

[119] Scheuer, P. J.: Classification of chronic viral hepatitis: a need for reassessment. J 
Hepatol 13, 372-374 (1991). 

[120] Schuppan, D., Krebs, A., Bauer, M., and Hahn, E. G.: Hepatitis C and liver fibrosis. 
Cell Death Differ 10 Suppl 1, S59-67 (2003). 



 Chapter 6 References 

 109

[121] Schweizer, J., Bowden, P. E., Coulombe, P. A., Langbein, L., Lane, E. B., Magin, 
T. M., Maltais, L., Omary, M. B., Parry, D. A., Rogers, M. A., and Wright, M. W.: 
New consensus nomenclature for mammalian keratins. J Cell Biol 174, 169-174 
(2006). 

[122] Shiffman, M. L., Di Bisceglie, A. M., Lindsay, K. L., Morishima, C., Wright, E. C., 
Everson, G. T., Lok, A. S., Morgan, T. R., Bonkovsky, H. L., Lee, W. M., 
Dienstag, J. L., Ghany, M. G., Goodman, Z. D., and Everhart, J. E.: Peginterferon 
alfa-2a and ribavirin in patients with chronic hepatitis C who have failed prior 
treatment. Gastroenterology 126, 1015-1023; discussion 1947 (2004). 

[123] Sivaramakrishnan, S., Schneider, J. L., Sitikov, A., Goldman, R. D., and Ridge, K. 
M.: Shear stress induced reorganization of the keratin intermediate filament 
network requires phosphorylation by protein kinase C zeta. Mol Biol Cell 20, 2755-
2765 (2009). 

[124] Sluchanko, N. N., and Gusev, N. B.: 14-3-3 proteins and regulation of 
cytoskeleton. Biochemistry (Mosc) 75, 1528-1546 (2010). 

[125] Snider, N. T., Weerasinghe, S. V., Iniguez-Lluhi, J. A., Herrmann, H., and Omary, 
M. B.: Keratin hypersumoylation alters filament dynamics and is a marker for 
human liver disease and keratin mutation. J Biol Chem 286, 2273-2284 (2011). 

[126] Srikanth, B., Vaidya, M. M., and Kalraiya, R. D.: O-GlcNAcylation determines the 
solubility, filament organization, and stability of keratins 8 and 18. J Biol Chem 
285, 34062-34071 (2010). 

[127] Steinert, P. M.: The dynamic phosphorylation of the human intermediate filament 
keratin 1 chain. J Biol Chem 263, 13333-13339 (1988). 

[128] Stickel, F., Osterreicher, C. H., Datz, C., Ferenci, P., Wolfel, M., Norgauer, W., 
Kraus, M. R., Wrba, F., Hellerbrand, C., and Schuppan, D.: Prediction of 
progression to cirrhosis by a glutathione S-transferase P1 polymorphism in subjects 
with hereditary hemochromatosis. Arch Intern Med 165, 1835-1840 (2005). 

[129] Strnad, P., Harada, M., Siegel, M., Terkeltaub, R. A., Graham, R. M., Khosla, C., 
and Omary, M. B.: Transglutaminase 2 regulates mallory body inclusion formation 
and injury-associated liver enlargement. Gastroenterology 132, 1515-1526 (2007). 

[130] Strnad, P., Kucukoglu, O., Lunova, M., Guldiken, N., Lienau, T. C., Stickel, F., and 
Omary, M. B.: Non-coding keratin variants associate with liver fibrosis progression 
in patients with hemochromatosis. PLoS One 7, e32669 (2012). 

[131] Strnad, P., Lienau, T. C., Tao, G. Z., Ku, N. O., Magin, T. M., and Omary, M. B.: 
Denaturing temperature selection may underestimate keratin mutation detection by 
DHPLC. Hum Mutat 27, 444-452 (2006). 

[132] Strnad, P., Lienau, T. C., Tao, G. Z., Lazzeroni, L. C., Stickel, F., Schuppan, D., 
and Omary, M. B.: Keratin variants associate with progression of fibrosis during 
chronic hepatitis C infection. Hepatology 43, 1354-1363 (2006). 

[133] Strnad, P., Paschke, S., Jang, K. H., and Ku, N. O.: Keratins: markers and 
modulators of liver disease. Curr Opin Gastroenterol 28, 209-216 (2012). 

[134] Strnad, P., Schwarz, P., Rasenack, M. C., Kucukoglu, O., Habib, R. I., Heuberger, 
D., Ehehalt, R., Muller, M. W., Stiehl, A., Adler, G., and Kulaksiz, H.: Hepcidin is 
an antibacterial, stress-inducible peptide of the biliary system. PLoS One 6, e16454 
(2011). 

[135] Strnad, P., Stumptner, C., Zatloukal, K., and Denk, H.: Intermediate filament 
cytoskeleton of the liver in health and disease. Histochem Cell Biol 129, 735-749 
(2008). 



 Chapter 6 References 

 110

[136] Strnad, P., Tao, G. Z., So, P., Lau, K., Schilling, J., Wei, Y., Liao, J., and Omary, 
M. B.: "Toxic memory" via chaperone modification is a potential mechanism for 
rapid Mallory-Denk body reinduction. Hepatology 48, 931-942 (2008). 

[137] Strnad, P., Tao, G. Z., Zhou, Q., Harada, M., Toivola, D. M., Brunt, E. M., and 
Omary, M. B.: Keratin mutation predisposes to mouse liver fibrosis and unmasks 
differential effects of the carbon tetrachloride and thioacetamide models. 
Gastroenterology 134, 1169-1179 (2008). 

[138] Strnad, P., Usachov, V., Debes, C., Grater, F., Parry, D. A., and Omary, M. B.: 
Unique amino acid signatures that are evolutionarily conserved distinguish simple-
type, epidermal and hair keratins. J Cell Sci 124, 4221-4232 (2011). 

[139] Strnad P, U. V., Debes C,  Gräter F, Parry DAD, Omary MB. : Functional 
associations of amino acid divergence between simple-type, epidermal and hair 
keratins J Cell Sci(2011). 

[140] Strnad, P., Zhou, Q., Hanada, S., Lazzeroni, L. C., Zhong, B. H., So, P., Davern, T. 
J., Lee, W. M., and Omary, M. B.: Keratin variants predispose to acute liver failure 
and adverse outcome: race and ethnic associations. Gastroenterology 139, 828-835, 
835 e821-823 (2010). 

[141] Stumptner, C., Omary, M. B., Fickert, P., Denk, H., and Zatloukal, K.: Hepatocyte 
cytokeratins are hyperphosphorylated at multiple sites in human alcoholic hepatitis 
and in a mallory body mouse model. Am J Pathol 156, 77-90 (2000). 

[142] Szeverenyi, I., Cassidy, A. J., Chung, C. W., Lee, B. T., Common, J. E., Ogg, S. C., 
Chen, H., Sim, S. Y., Goh, W. L., Ng, K. W., Simpson, J. A., Chee, L. L., Eng, G. 
H., Li, B., Lunny, D. P., Chuon, D., Venkatesh, A., Khoo, K. H., McLean, W. H., 
Lim, Y. P., and Lane, E. B.: The Human Intermediate Filament Database: 
comprehensive information on a gene family involved in many human diseases. 
Hum Mutat 29, 351-360 (2008). 

[143] Tao, G. Z., Li, D. H., Zhou, Q., Toivola, D. M., Strnad, P., Sandesara, N., Cheung, 
R. C., Hong, A., and Omary, M. B.: Monitoring of epithelial cell caspase activation 
via detection of durable keratin fragment formation. J Pathol 215, 164-174 (2008). 

[144] Tao, G. Z., Toivola, D. M., Zhong, B., Michie, S. A., Resurreccion, E. Z., Tamai, 
Y., Taketo, M. M., and Omary, M. B.: Keratin-8 null mice have different 
gallbladder and liver susceptibility to lithogenic diet-induced injury. J Cell Sci 116, 
4629-4638 (2003). 

[145] Tao, G. Z., Toivola, D. M., Zhou, Q., Strnad, P., Xu, B., Michie, S. A., and Omary, 
M. B.: Protein phosphatase-2A associates with and dephosphorylates keratin 8 after 
hyposmotic stress in a site- and cell-specific manner. J Cell Sci 119, 1425-1432 
(2006). 

[146] Tao, G. Z., Zhou, Q., Strnad, P., Salemi, M. R., Lee, Y. M., and Omary, M. B.: 
Human Ran cysteine 112 oxidation by pervanadate regulates its binding to keratins. 
J Biol Chem 280, 12162-12167 (2005). 

[147] Tatsukawa, H., Fukaya, Y., Frampton, G., Martinez-Fuentes, A., Suzuki, K., Kuo, 
T. F., Nagatsuma, K., Shimokado, K., Okuno, M., Wu, J., Iismaa, S., Matsuura, T., 
Tsukamoto, H., Zern, M. A., Graham, R. M., and Kojima, S.: Role of 
transglutaminase 2 in liver injury via cross-linking and silencing of transcription 
factor Sp1. Gastroenterology 136, 1783-1795 e1710 (2009). 

[148] Toivola, D. M., Ku, N. O., Ghori, N., Lowe, A. W., Michie, S. A., and Omary, M. 
B.: Effects of keratin filament disruption on exocrine pancreas-stimulated secretion 
and susceptibility to injury. Exp Cell Res 255, 156-170 (2000). 



 Chapter 6 References 

 111

[149] Toivola, D. M., Ku, N. O., Resurreccion, E. Z., Nelson, D. R., Wright, T. L., and 
Omary, M. B.: Keratin 8 and 18 hyperphosphorylation is a marker of progression 
of human liver disease. Hepatology 40, 459-466 (2004). 

[150] Toivola, D. M., Nakamichi, I., Strnad, P., Michie, S. A., Ghori, N., Harada, M., 
Zeh, K., Oshima, R. G., Baribault, H., and Omary, M. B.: Keratin overexpression 
levels correlate with the extent of spontaneous pancreatic injury. Am J Pathol 172, 
882-892 (2008). 

[151] Toivola, D. M., Nieminen, M. I., Hesse, M., He, T., Baribault, H., Magin, T. M., 
Omary, M. B., and Eriksson, J. E.: Disturbances in hepatic cell-cycle regulation in 
mice with assembly-deficient keratins 8/18. Hepatology 34, 1174-1183 (2001). 

[152] Toivola, D. M., Strnad, P., Habtezion, A., and Omary, M. B.: Intermediate 
filaments take the heat as stress proteins. Trends Cell Biol 20, 79-91 (2010). 

[153] Toivola, D. M., Tao, G. Z., Habtezion, A., Liao, J., and Omary, M. B.: Cellular 
integrity plus: organelle-related and protein-targeting functions of intermediate 
filaments. Trends Cell Biol 15, 608-617 (2005). 

[154] Tojo, Y., Bandoh, S., Fujita, J., Kubo, A., Ishii, T., Fukunaga, Y., Ueda, Y., Yang, 
Y., Wu, F., Huang, C. L., Yokomise, H., and Ishida, T.: Aberrant messenger RNA 
splicing of the cytokeratin 8 in lung cancer. Lung Cancer 42, 153-161 (2003). 

[155] Treiber, M., Schulz, H. U., Landt, O., Drenth, J. P., Castellani, C., Real, F. X., 
Akar, N., Ammann, R. W., Bargetzi, M., Bhatia, E., Demaine, A. G., Battagia, C., 
Kingsnorth, A., O'Reilly, D., Truninger, K., Koudova, M., Spicak, J., Cerny, M., 
Menzel, H. J., Moral, P., Pignatti, P. F., Romanelli, M. G., Rickards, O., De 
Stefano, G. F., Zarnescu, N. O., Choudhuri, G., Sikora, S. S., Jansen, J. B., Weiss, 
F. U., Pietschmann, M., Teich, N., Gress, T. M., Ockenga, J., Schmidt, H., Kage, 
A., Halangk, J., Rosendahl, J., Groneberg, D. A., Nickel, R., and Witt, H.: Keratin 
8 sequence variants in patients with pancreatitis and pancreatic cancer. J Mol Med 
(Berl) 84, 1015-1022 (2006). 

[156] Vassar, R., Coulombe, P. A., Degenstein, L., Albers, K., and Fuchs, E.: Mutant 
keratin expression in transgenic mice causes marked abnormalities resembling a 
human genetic skin disease. Cell 64, 365-380 (1991). 

[157] Vijayaraj, P., Kroger, C., Reuter, U., Windoffer, R., Leube, R. E., and Magin, T. 
M.: Keratins regulate protein biosynthesis through localization of GLUT1 and -3 
upstream of AMP kinase and Raptor. J Cell Biol 187, 175-184 (2009). 

[158] Virtanen, M., Smith, S. K., Gedde-Dahl, T., Jr., Vahlquist, A., and Bowden, P. E.: 
Splice site and deletion mutations in keratin (KRT1 and KRT10) genes: unusual 
phenotypic alterations in Scandinavian patients with epidermolytic hyperkeratosis. 
J Invest Dermatol 121, 1013-1020 (2003). 

[159] Wallace, K., Burt, A. D., and Wright, M. C.: Liver fibrosis. Biochem J 411, 1-18 
(2008). 

[160] Walsh, M. J., Jonsson, J. R., Richardson, M. M., Lipka, G. M., Purdie, D. M., 
Clouston, A. D., and Powell, E. E.: Non-response to antiviral therapy is associated 
with obesity and increased hepatic expression of suppressor of cytokine signalling 
3 (SOCS-3) in patients with chronic hepatitis C, viral genotype 1. Gut 55, 529-535 
(2006). 

[161] White, G. P., and Jacobs, A.: Iron uptake by Chang cells from transferrin, 
nitriloacetate and citrate complexes: the effects of iron-loading and chelation with 
desferrioxamine. Biochim Biophys Acta 543, 217-225 (1978). 

[162] Wilkins, T., Malcolm, J. K., Raina, D., and Schade, R. R.: Hepatitis C: diagnosis 
and treatment. Am Fam Physician 81, 1351-1357 (2010). 



 Chapter 6 References 

 112

[163] Windoffer, R., Beil, M., Magin, T. M., and Leube, R. E.: Cytoskeleton in motion: 
the dynamics of keratin intermediate filaments in epithelia. J Cell Biol 194, 669-
678 (2011). 

[164] Woll, S., Windoffer, R., and Leube, R. E.: p38 MAPK-dependent shaping of the 
keratin cytoskeleton in cultured cells. J Cell Biol 177, 795-807 (2007). 

[165] Wood, M. J., Powell, L. W., and Ramm, G. A.: Environmental and genetic 
modifiers of the progression to fibrosis and cirrhosis in hemochromatosis. Blood 
111, 4456-4462 (2008). 

[166] Yoon, Y. H., Yi, H. Y., and Thomson, P. C.: Alcohol-related and viral hepatitis C-
related cirrhosis mortality among Hispanic subgroups in the United States, 2000-
2004. Alcohol Clin Exp Res 35, 240-249 (2011). 

[167] Zatloukal, K., French, S. W., Stumptner, C., Strnad, P., Harada, M., Toivola, D. M., 
Cadrin, M., and Omary, M. B.: From Mallory to Mallory-Denk bodies: what, how 
and why? Exp Cell Res 313, 2033-2049 (2007). 

[168] Zhang, Y., and Schneider, R. J.: Adenovirus inhibition of cell translation facilitates 
release of virus particles and enhances degradation of the cytokeratin network. J 
Virol 68, 2544-2555 (1994). 

[169] Zhong, B., Strnad, P., Selmi, C., Invernizzi, P., Tao, G. Z., Caleffi, A., Chen, M., 
Bianchi, I., Podda, M., Pietrangelo, A., Gershwin, M. E., and Omary, M. B.: 
Keratin variants are overrepresented in primary biliary cirrhosis and associate with 
disease severity. Hepatology 50, 546-554 (2009). 

[170] Zhou, Q., Ji, X., Chen, L., Greenberg, H. B., Lu, S. C., and Omary, M. B.: Keratin 
mutation primes mouse liver to oxidative injury. Hepatology 41, 517-525 (2005). 

[171] Zierden, M., Penner, A. H., Montesinos-Rongen, M., Weferling, M., Drebber, U., 
Stift, J., Fries, J. W., Odenthal, M., Rosenkranz, S., and Dienes, H. P.: Keratin 8 
variants are associated with cryptogenic hepatitis. Virchows Arch 460, 389-397 
(2012). 

 



 Chapter 7 Appendix 

 

7. APPENDIX 

7.1. List of tables: 

Table 1.1.  General characteristic of the cytoskeleton 

Table 1.2:  Intermediate Filaments and associated human diseases 

Table 1.3.  Distribution of keratins in epithelia 

Table 1.4.  Animal studies of K8 and K18 

Table 1.5.  Summary of Keratin Variants in Liver Disease 

Table 2.1.  Primary antibody list 

Table 2.2.  Secondary antibody list 

Table 2.3.  Cell lines 

Table 2.4.  Expression vectors 

Table 2.5.  Primers used for genotyping of human K8 overexpressing mice 

Table 2.6.  Primers used for human studies 

Table 2.7.  Primers used for QRT-PCR 

Table 2.8.  Primers used for site directed mutagenesis-mutagenic primers 

Table 2.9.  Primers used for sequencing of keratin 8 and 18 constructs 

Table 2.10.  Mice strains 

Table 2.11.  Scoring of Child-Turcotte-Pugh (CTP) for grading severity of liver disease 

Table 2.12.  Summary of animal experiments 

Table 2.13.  Transfection mixtures 

Table 2.14.  Site directed mutagenesis reaction mixture 

Table 2.15.  PCR Program for site directed mutagenesis 

Table 2.16.  PCR mixture for amplification of human DNA 

Table 2.17.  PCR Program for amplification of human DNA 

Table 2.18:  PCR mixture for studying human DNA fragments for genotyping transgenic 

mice carrying human K8 constructs 

Table 2.19.  Mixture for cDNA synthesis by SuperScriptTM II reverse transcriptase KIT 

Table 2.20.  Program for cDNA synthesis 

Table 2.21.  QRT-PCR mixture 

Table 2.22.  QRT-PCR program 

Table 2.23.  DHPLC Buffers 

Table 2.24.  DHPLC screening temperatures in K8/K18 Variants 



 Chapter 7 Appendix 

 114

Table 2.25.  Composition of resolving and stacking gels. 

Table 3.1.  Patient demographics of HCV Cohort 

Table 3.2.  Frequency of Significant Keratin Variants in HCV patients 

Table 3.3.  Exonic variants with unknown significancy 

Table 3.4.  Non-coding variants with unknown significancy 

Table 3.5.  Distribution of coding keratin variants in HCV patients in different 

races/ethnicities 

Table 3.6.  Distribution of “African American related variants” 

Table 3.7.  Distribution of non-coding keratin variants in HCV patients with different 

Races/Ethnicities 

Table 3.8.  Distribution of coding keratin variants in patients with or without Cirrhosis 

Table 3.9.  Distribution of non-coding keratin variants in patients with or without 

Cirrhosis 

Table 3.10.  Analysis of the biologically significant K8/K18 exonic variant associations 

with fibrosis stages and adverse CHC disease outcome 

Table 3.11.  Patient demographics and biochemical values of HHC cohort 

Table 3.12.  Distribution of exonic keratin variants in HHC patients 

Table 3.13.  The Clinical Features of Hemochromatosis Patients Harboring Exonic 

Keratin 8 Variants 

Table 3.14.  Distribution of non-coding keratin variants in HHC patients 

Table 3.15.  The clinical features of hemochromatosis patients harboring intronic keratin 

8 variants 

Table 3.16.  Serum analysis, histologic analysis, and liver weight of mice 

 

7.2. List of figures: 

Figure 1.1.  Structure and posttranslational modifications of K8/18 

Figure 1.2.  Structure of KRT8 and KRT18 genes 

Figure 2.1.  The overall study design in HALT-C 

Figure 2.2.  Virological responses in HCV infection after therapy 

Figure 2.3.  Representative figure showing formation of a double peak patterns by 

heteroduplexes in heterozygous variants 

Figure 3.1.  Conservation of novel K8 variants among species and type II keratins 

Figure 3.2.  New variants in keratin 8/18 genes 



 Chapter 7 Appendix 

 115

Figure 3.4.  K18 R45P increases solubility of keratins that is more pronounced after 

hyperphosphorylation, but not affects on filament organization 

Figure 3.4.  Conservation of novel K8 variants among species and type II keratins 

Figure 3.5.  The presence of K8 G62C variant does not influence the extent of 

hepatocellular iron accumulation 

Figure 3.6.  mRNA expression of fibrosis-related genes and hepcidin 

Figure 3.7.  The presence of K8 G62C variant does not affect iron toxicity in ex vivo 

cultured hepatocytes. 

Figure 3.8.  Characterization of the human K8 overexpressing mice 

Figure 3.9.  The inflammation levels do not differ between groups 

Figure 3.10.  The presence of K8 G62C variant does not influence the development of 

liver fibrosis. 

Figure 3.11.  K8 mRNA expression levels in in all fibrotic models 

 

 



 Chapter 8 Acknowledgements 

 116

Acknowledgements 
 

I still can not believe that I am finally writing this last page of my thesis. I would 

like to thank all the people who were there, helping, supporting and motivating me during 

this journey . 

First of all, it is a great pleasure to I acknowledge my thesis adviser PD Dr. Pavel 

Strnad for giving me the opportunity to do research in his laboratory, for his assistance, 

patience, support, and motivation in every step of my PhD work. I am also very thankful to 

Prof. Dr. M.Bishr Omary of the University of Michigan for giving me the chance to study 

in his laboratory as a visiting researcher which was a great experience for me to. 

I would also like to thank my colleagues from University of Ulm and Michigan 

(Peggy, Nurdan, Elke, Tina, Suzanne, Mariia, Yu, Katrin, Valentyn, Kateryna, Claudia, 

Anke, Renwar, Natasha, Raymond) for their contribution in my studies and for providing 

me a friendly atmosphere to work in. I wish them every success in their endeavours. 

Finally (the last but not the least), I would like to thank my family and my best 

friends for loving and supporting me unconditionally. Bilge, Nurdan, Burak, and Onur 

special thanks go to you, your support and encouragement helped me a lot . 

I dedicate this thesis to my family (my dad Ökkas, my mom Tülay, my sister Öznur 

and my brother Emre Can) who always offered their support unsparingly. Sevgili 

anneciğim ve babacığım, her daim sevginizi ve desteğinizi benden eksik etmediğiniz, ve de 

sonsuz sabrınız icin çok teşekkürler ederim, sizleri çok seviyorum. Keşke babacığım, 

sende buna şahit olabilseydin ve sonunda bitti mi deseydin bana…My lovely mom and 

dad, thank you for everything you gave me. Dad, I miss you… 

 



 Chapter 9 Curriculum Vitae 

 117

Curriculum vitae 
 
Personal Data 
Name  Özlem Kücükoglu 
Date/place of birth  10.01.1977, Gaziantep 
Languages Turkish (native), English (fluent), German (basic) 
Computer Skills Microsoft software (Windows, Office); Adobe Photoshop, Adobe 

Illustrator and Adobe Writer, GraphPad Prism, End Note, Navigator 
Software (Transgenomic) 

 
Education and Study 
1982-1987  Primary school: Mustafa Kemal Ilkögretim Okulu, Gaziantep, TR 
1987-1990 Secondary school: Yüzüncüyil Ortaokulu, Gaziantep, TR 
1990-1993 High school: Gaziantep Lisesi, Gaziantep, TR 
1993-1998 B .Sc. in Pharmacy (diploma), Ege University, Faculty of Pharmacy, 

Izmir TR 
1998-2000 M.Sc. in Pharmaceutical Chemistry, Ege University, Izmir, TR 

Dissertation: “Investigation of Potential Alkylating Carbonyl 
Compounds and Their Mannich Bases as potential anticancer drug”,  
Advisor: Prof. Dr. Ercin Erciyas, GPA: 94.5/100 

2005-2008 Pharmaceutical Toxicology PhD Programme (programme 
terminated), Department of Pharmaceutical Toxicology, Ege 
University, Izmir, Turkey  

2007-2008 Erasmus Exchange Student in Department of Toxicology, Würzburg, 
DE, (5 months), Supervisor: Prof. Dr. Helga Stopper 

 
 
Professional experiences 

1996 (3 months) Hospital Pharmacy Trainee, Hospital Pharmacy, Izmir, Turkey 

1997-1998 Assistant Pharmacist, Algul Pharmacy, Izmir, Turkey 

1998-2001  Research and Teaching Assistant at Department of Pharmaceutical 
Chemistry, Ege University, Izmir, Turkey  

 Synthesising and analysing alkylating carbonyl compounds and 
their mannich bases as potential anticancer drug and studies on drug-
DNA interaction   

Screening of  potential anticancer drugs in leukaemia cell lines 

Prepared and taught entirely lab sessions through out the semester 
to teach undergraduate students basic pharmaceutical chemistry 
concept by using synthesis and analyses techniques. 

2001-2005  Staff Pharmacist at Quality Control Department, Production& 
Quality Control Center of Hemodialysis Solutions, Ege University, 
Izmir, Turkey  

 Controlling, testing and recording the specifications of solutions; 
approving them for the next step to fulfill SOP, GMP and GLP 
requirements 
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 Member of “Hemodialysis Solutions Manufacturing License 
Committee”; Preparing a draft of a new revised and updated version 
of the licenses  

2005-2008 Research and Teaching Assistant at Department of Pharmaceutical 
Toxicology, Ege University, Izmir, Turkey  

 Studied genotoxic potential of some plant extracts and their role as 
anticancer drug 

 Prepared and taught entirely lab sessions through out the semester 
to teach undergraduate students basic toxicology concept by using 
toxicology analyse techniques 

04/2010-10/2011 Research Scholar at Dr. M.B. Omary’s Laboratory, University of 
Michigan, Ann Arbor, USA 

Studied the association of selected genetic variants with the 
severity of hepatitis C and response to therapy and tested the 
biological significance using extensive cell culture and cloning 
techniques  

Studied the association of selected genetic variants and promoter 
hypermethylation status for liver metastasis of colonic and pancreatic 
cancers. 

2008-2013 Graduate Student Research Assistant at Dr. Strnad’s Laboratory, 
University of Ulm, Germany 

Studied the impact of genetic variants in human liver disease 
development (high-throughput screening by DHPLC, in vivo and in 
vitro mechanistic studies in cell culture and transgenic animals) 

Analyzed the impact of high fat diet on protein aggregate 
development in mouse liver 

Assessed the impact of genetic variants on murine liver fibrosis 
development 

 
Grants/Awards/Hounor  

 Selected for oral presentation at 6th European Conference on Intermediate Filaments 
(Nanofilaments) in Health and Disease, June 18-21, Säröhus, Gothenburg, Sweden 

 Travel grant for studying as a research scholar at University of Michigan, April 2011-
October 2012 

 Erasmus Student Grant, Oct. 2007- March 2008 (EU-funding) 

 Ege University Science and Technology Center travel fellowships for attending to 6th 
International Congress of Turkish Society of Toxicology, 2-5 Nov., 2006, Antalya, 
Turkey 

 Ege University Science and Technology Center travel fellowship for attending to 30th 
FEBS Congress, 2-7 July, 2005, Budapest, Hungary 

 Turkish Scientific and Technical Research Corporation travel fellowship to attending for 
3rd International Symposium on Pharmaceutical Chemistry, 17 19 Sept., 2001, 
Ankara, Turkey 
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Technical Skills   

Handling denaturing high performance liquid chromatography (DHPLC) (transgenomic 
wave system); extensive experience on laboratory animals; cell culture studies, molecular 
biology techniques such as  molecular cloning, transfection methods, site directed 
mutagenesis, genotoxixity assay such as comet assay, micronuclei assay; protein 
biochemistry, SDS PAGE, western blot, radioactive and non-radioactive enzymatic assays, 
immunoprecipitation; experience on organelle fractionation techniques and in vitro assays 
such as LPO, MTT, GSH; DNA and RNA based techniques such as genotyping, mutation 
analyses, pcr, qrt-pcr, electrophoresis, in situ hybridization; florescence microscopy and 
histological staining techniques (i.e. H&E, iron and picro-sirius red staining), 
immunohistochemistry; evaluation of genomic high-throughput sequencing data, 
bioinformatics; chemical synthesis and stability studies, use and interpretation of spectral 
data with tlc, column chromatography, UV, FT-IR, interpretation of H1- and C13-NMR.  

 

Publications  

 Kucukoglu O, Guldiken N, Chen Y, Haybaeck J, Denk H, Strnad P , “Impact of 
Oxidative Stress and High Fat Diet on Mallory-Denk Bodies” (in preparation). 

 Kucukoglu O, Brown M, Strnad P, Omary MB , “Association of keratin genetic variants 
with the severity of chronic hepatitis C and response to therapy in patients involved 
HALT-C trial” (in preparation).  

 Mueller K, Sunami Y, Stuetzle M, Güldiken N, Kucukoglu O, Mueller S, Kulaksiz H, 
Schwarz P, Strnad P, "Thioacetamide, but not carbon tetrachloride leads to hepatic iron 
overload via CHOP-mediated hepcidin suppression" The Journal of Pathology (paper 
accepted ). 

 Lunova M, Zizer E, Kucukoglu O, Schwarz C, Dillmann WH, Wagner M, Strnad P, 
“Hsp72 overexpression accelerates the recovery from caerulein-induced pancreatitis”  
PLoS One 2012;7(7). 

 Strnad P*, Kucukoglu O*,  Lunova M, Guldiken N, Lienau TC, Stickel F, Omary MB., 
“Non-Coding Keratin Variants Associate With Liver Fibrosis Progression in Patients 
With Hemochromatosis” PloS One  2012;7(3).  (* shared first authors) 

 Strnad P, Schwarz P, Rasenack MC, Kucukoglu O, Habib RI, Heuberger D, Ehehalt R, 
Müller MW, Stiehl A, Adler G, Kulaksiz H, “Hepcidin is an antibacterial, stress-
inducible peptide of the biliary system” PLoS One 2011 Jan 24;6(1). 

 Topcu Z, Ozturk B, Kucukoglu O, Kilinc EZ, “Flavonoıds in Helichrysum 
pamphylicum Inhibit Mammalian Type I DNA Topoisomerase” Naturforsch. 2008; 63c, 
69-74. 

 Kucukoglu O, Ozturk B, Kamataki T, Topcu Z, “Inhibitory Activities of Helichrysum 
Taxa on Mammalian Type I DNA Topoisomerase” Pharmaceutical Biology 2006; 
4(3);189-193.  

 Saydam G, Aydin H, Sahin FO, Kucukoglu O, Erciyas E, Terzioglu E, Buyukkececi F, 
Omay SB, “Cytotoxic and Inhibitory Effects of 4,4’-Dihydroxy Chalcone (RCV-588) on 
Proliferation of Human Leukemic HL-60 Cells” Leukemia Research 2003;27;57-64. 

 Meric B, Kerman K, Ozkan D, Kara P, A. Erdem A, Kucukoglu O, Erciyas E, Ozsoz 
MS, “Electrochemical Biosensor for the Interaction of DNA with the Alkylating Agent 
4,4’-Dihydroxy Chalcone Based on Guanine and Adenine Signals” Journal of 
Pharmaceutical and Biomedical Analysis, 2002;30; 1339-1346 
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Selected Oral and Poser Presentations  

 “Keratin 8 and 18 variants are overrepresented in chronic hepatitis C and associate with 
adverse disease outcome”, O. Kucukoglu, MB Brown, MB Omary, P Strnad, Zeitschrift 
für Gastroenterologie; Issue 01, 2013. 

 “CHOP-Induktion supprimiert Hepcidin-Expression und führt zur Eisenüberladung in 
chronischen Lebererkrankungen” , K Müller, O Kucukoglu, Y Sunami, M Stützle, P 
Schwarz, T Wirth, H Kulaksiz, P Strnad, Zeitschrift für Gastroenterologie; Issue 08, 
2012. 

 “Non-coding keratin variants associate with fibrosis progression in hemochromatosis 
patients” P Strnad, O Kucukoglu, M Lunova, TC Lienau, F Stickel, MB Omary, 
Zeitschrift für Gastroenterologie; Issue 01, 2011. 

 “Hsp72 overexpression accelerates the recovery from acute pancreatitis”, M Lunova, O 
Kucukoglu, E Zizer, G Adler, M Wagner, WH Dillmann, P Strnad, Zeitschrift für 
Gastroenterologie; Issue 08, 2010. 

 “High-fat diet attenuates aggregate formation, but promotes liver cholestasis in a mouse 
model of Mallory-Denk body formation”, O. Kucukoglu, H. Denk, P. Strnad, 6th 
European Conference on Intermediate Filaments (Nanofilaments) in Health and Disease, 
June 2009, Säröhus, Gothenburg, Sweden. 

  “High-fat diet promotes liver cholestasis and modifies Mallory-Denk body formation in 
a mouse model” O. Kucukoglu, N. Güldiken, H. Denk, P. Strnad, The 2010 Gordon 
Conference on Intermediate Filaments, June 2010, Tilton, NH, USA.  

 “Inhibitory activities of Helichrysum taxa on mammalian type I DNA topoisomerase”, 
O. Kucukoglu, B. Ozturk, U. Zeybek, M. Fujieda, T. Kamataki and Z. Topcu, 30th 
FEBS Congress - 9th IUBMB Conference, 2nd-7th July, 2005, Budapest, Hungary. 

 “Electrochemical Determination of Interaction Between an Alkylating Anticancer Agent 
and DNA in Solution and at the Surface”, A. Erdem, K. Kerman, D. Ozkan, O. 
Kucukoglu, E. Erciyas, M. Ozsoz, The 200th Meeting of the Electrochemical Society 
and the 52th meeting of the International Society of Electrochemistry, 2-7 September 
2001, San Francisco, CA, USA, Electrochemical Society Proceedings, 2001 Vol. 18, 
563-572. 

  “Stability and Voltametric Studies of an Potential Anticancer Agent, 4,4’-Dihydroxy 
Chalcone” O. Kucukoglu, E. Erciyas, 3rd International Symposium on Pharmaceutical 
Chemistry, 17-19 Sept. 2001, Ankara, Turkey.  

 “The Cytotoxic Effect of Chalcones on Myeloid Leukemia Cell Lines”, S.B.Omay, G. 
Saydam, F. Sahin, O. Kucukoglu, E.Erciyas, E. Terzioglu,  H. Aydin, E. Goker, F. 
Buyukkececi, The Hematology Journal, Vol. I-Supp. I- June 22nd 2001, 6th Annual 
Meeting of the European Hematology Association, 21-24 June 2001, Frankfurt, 
Germany.    
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