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ABSTRACT 
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Title of thesis: 
Biochemical and Radio-Immunological Studies on  HCV - Induced Liver 

Fibrosis 

 
Degree (Ph. D) thesis, Faculty of Science, Cairo University, 2010 

 

Hepatitis C virus infection is now becoming a common health 

problem in Egypt. Liver biopsy is the gold standard for this diagnosis. 

However, liver biopsy is invasive and is associated with complications with 

chronic hepatitis C patients. There is a clinical need for noninvasive 

measurement of liver fibrosis. Noninvasive biomarkers such as Collagen III 

was identified in serum samples of patients with HCV induced liver fibrosis 

at 70 kDa using SDS-PAGE and western blot, measured by ELISA and 

purified using electroelution . Hyaluronic acid also can be used to 

differentiate between liver fibrosis patients and healthy individuals using 

radioimmunoassay .we have developed noninvasive diagnosis that can be 

applied to patients who either have contraindications or refuse liver biopsy 

for the management of their HCV infection. 
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 I- Introduction and aim of the work 

Liver is one of the most important organs of the body. It plays an 

essential role in many body functions. Alteration of the liver functions are 

mostly due to viral hepatitis, infestation with parasites and intoxication with 

hepatotoxins. 

Hepatitis C virus (HCV) infection is a significant public health 

problem, with a worldwide prevalence of approximately 170 million (Azzam 

et al., 2007). HCV has become a silent pandemic around the globe (Yupeng 

et al., 2007). 

Hepatic fibrosis is the basis for the development of portal 

hypertension, complications of chronic liver disease including esophageal 

varices and/or ascites, and liver failure. Assessment of the degree of hepatic 

fibrosis (i.e. staging) is important for several reasons: (1) to determine the 

prognosis of chronic liver disease, (2) to select patients for specific 

(antifibrotic) treatment, and (3) to monitor the success of treatment. 

Histological evaluation of liver biopsy specimens is currently considered the 

reference test for staging hepatic fibrosis. Since liver biopsy carries a small 

but significant risk, noninvasive tests to assess hepatic fibrosis are desirable. 

Different approaches to estimate liver fibrosis noninvasively have been 

pursued, including indirect fibrosis tests based on routine liver function 

parameters, direct fibrosis tests based on extracellular matrix proteins, and 

physical methods that estimate fibrosis by measuring hepatic stiffness 

(Rudolf et al., 2007). 

Liver fibrosis, i.e. excessive accumulation of extracellular matrix 

proteins, occurs in most types of chronic liver diseases. The prognosis and 

management of chronic liver diseases depend on the degree of liver fibrosis. 

Therefore, the assessment of liver fibrosis provides useful information not 

only for diagnosis but also for treatment planning. Although liver biopsy is 



still the gold standard for assessing hepatic fibrosis, it has some technical 

limitations and risks. Therefore, alternative, simple, reliable and noninvasive 

tests are needed to assess the stage of fibrosis. Several noninvasive serum 

markers able to predict the presence of significant fibrosis or cirrhosis in 

patients with chronic liver disease with considerable accuracy have been 

reported (Han and Yoon, 2008). 

 Liver fibrosis and its end-stage disease cirrhosis are a major cause of 

mortality and morbidity throughout the world. Fibrosis is a response to 

chronic liver injury or infection that if unabated leads to the replacement of 

normal functional liver tissue with scar tissue (Muddua et al., 2007).  

Liver biopsy has always represented the standard of reference for 

assessment of hepatic fibrosis but it has some limitations being invasive, 

costly and prone to sampling errors. Recently, blood markers and 

instrumental methods have been proposed for the non-invasive assessment of 

liver fibrosis (Sebastiani, 2009 and Silva et al., 2008). 

Several serum markers have been developed to access fibrogenesis. 

Efforts have been made to replace liver biopsy with non-invasive marker of 

liver fibrosis which have been assessed in multiple studies but question 

remain on how their sensitivity and significance are affected by various 

factors (Ponomarenko  et al., 2002). 

The simple serum markers of fibrogenesis include platelets count, 

albumin level, the ratio of alanine aminotransferase and aspartate 

aminotransferase levels, and alkaline phosphatase level (Pohl et al., 2001 

and Attallah et al., 2006a). Another non-invasive approach relies on the 

measurement of substances that regulate fibrosis or participate in the 

generation of the liver extracellular matrix (Guechot et al., 1994; Santos et 

al., 2005; Attallah et al., 2006b).  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Silva%20Jr%20RG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


Therefore the aim of the work is to identify and investigate the 

diagnostics value of   simple biomarkers as collagen III and hyaluronic acid 

to predict liver fibrosis in CHC patients using ELISA and RIA techniques. 

Also, identification and characterization of collagen III using biotechnology 

techniques as western blot, sodium dodocyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) and electroelution. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Liver and liver diseases 

1. 1. Normal liver  

The liver, the largest organ in the body, weighs 1200–1500 g and 

comprises one-fiftieth of the total adult body weight. It is relatively larger in 

infancy, comprising one-eighteenth of the birth weight. This is mainly due to 

a large left lobe. Sheltered by the ribs in the right upper quadrant, the upper 

border lies approximately at the level of the nipples. There are two 

anatomical lobes, the right being about six times the size of the left, Figure 

1.1–1.3. Lesser segments of the right lobe are the caudate lobe on the 

posterior surface and the quadrate lobe on the inferior surface. The right and 

left lobes are separated anteriorly by a fold of peritoneum called the falciform 

ligament posteriorly by the fissure for the ligamentum venosum and 

inferiorly by the fissure for the ligamentum teres (Sherlock and Dooley, 

2002a). 

Liver cells can be classified into the following three groups:  

(1) parenchymal cells, which comprise hepatocytes and the bile duct 

epithelia, (2) sinusoidal cells, which comprise hepatic sinusoidal endothelial 

and Kupffer cells (hepatic microphage). 

 (3) perisinusoidal cells, which consist of hepatic stellate cells and pit cells. 

Hepatocytes account for 60% of the adult liver cell population and represent 

78% of the tissue volume (Desmet, 2001). 

Hepatocytes are large polyhedral cells approximately 20 to 30 μm in 

diameter (Saxena et al., 2003). Consistent with their high synthetic and 

metabolic activity, hepatocytes are enriched in organelles. About 30% of 

human hepatocytes are binucleate. 

  



 

 

 

 



Hepatocytes are polarized epithelial cells. Their plasma membranes 

have three distinct domains : 

 (1) the sinusoidal surface (≈37% of the cell surface) that comes in direct 

contact with plasma through the fenestrae of the specialized hepatic 

sinusoidal endothelial cells. 

 (2) the canalicular surface (≈13% of the cell surface) that encloses the bile 

canaliculus. 

(3) contiguous surfaces.  

The sinusoidal and canalicular surfaces contain microvilli, which 

greatly extend the surface area of these domains. The space between the 

endothelia and the sinusoidal villi is termed space of Disse (Roy-

Chowdhury and Roy-Chowdhury, 2006). 

1.2. Liver functions  

The normal liver has a huge reserve functional capacity. When the 

liver is normal, about 80% of it can be removed without compromising 

function, the liver has synthetic, excretory, and metabolic functions 

(Chandrasoma and Taylor, 1995 and Sherlock and Dooley, 2002b). 

1.2.1. Synthetic functions                                                                  

The liver is the source of plasma albumin, many plasma globulins, 

including α1-antitrypsin and many proteins of the coagulation cascade 

(Barle et al., 1997 and Sherlock and Dooley, 2002b). 

1.2.2. Excretory functions 

      Many substances are excreted by the liver in bile. The main 

component of bile is bilirubin, cholesterol, urobilinogen, and bil acids are 

also present in bile (Hofmann, 1999).

 



1.2.3. Metabolic functions 

 The liver plays a central role in the metabolism of fat, carbohydrates, 

protein and in detoxification (Chandrasoma and Taylor, 1995). 

a. Fat metabolism 

    Free fatty acids from adipose tissue and medium or short chain fatty 

acids absorbed in the intestine brought to the liver. Triglyceride, cholesterol 

and phospholipids are synthesized in the liver from the fatty acids and 

complexed with specific lipid acceptor proteins to form very low density 

lipoproteins that enter the plasma. The liver also metabolizes intermediate 

and low density lipoprotein (Sherlock and Dooley, 2002b). 

b. Carbohydrate metabolism 

    The liver is the main source of plasma glucose. Following a meal, 

glucose is derived from intestinal absorption in the fasting state, glucose is 

derived from glycogenolysis and gluconeogenesis in the liver. The liver is the 

main body storage site for glycogen. When there is a glucose deficiency, the 

liver metabolizes fatty acids to form keton bodies, which represent an 

alternative energy source for many tissues (Kruszynska, 1999 and Sherlock 

and Dooley, 2002b). 

c. Protein metabolism 

In addition to its synthetic function, the liver is the central organ in 

protein catabolism and synthesis of urea. Urea is secreted by the liver into the 

plasma for excretion in the kidney (Chandrasoma and Taylor, 1995). 

d. Detoxification 

     The liver plays a vital role in detoxifying noxious nitrogenous 

compounds derived from the intestine and many drugs and chemicals 

(Chandrasoma and  Taylor, 1995).  



1.3. Liver diseases 

 Liver diseases affect the normal functions of the liver. Abnormalities 

in the liver functions, however, are usually not apparent in most individuals 

with chronic liver disease until the disease is rather advanced (Crawford, 

1994 and Dufour et al., 2000).  The diseases that occur in the liver are 

infectious (e.g. viral hepatitis), toxic (e.g. alcohol-related diseases), genetic 

(e.g. hemochromatosis), immune (e.g. autoimmune hepatitis primary biliary 

cirrhosis), and neoplastic (e.g. hepatocellular carcinoma) (Keith et al., 1999).  

1.3. a. Liver hepatitis 

Hepatitis is inflammation of the liver. Viral infection is responsible 

for around half of all cases of acute hepatitis. The term is generally used to 

refer to the diseases caused by the hepatropic viruses including the diseases 

hepatitis   A–E, and disease due to cytomegalovirus, Epstein-Barr virus, 

adenovirus, rarely herpes simplex virus and others (Akiba et al., 2005). 

Among the hepatitis viruses, only hepatitis B virus and hepatitis C virus are 

able to persist in the host and cause chronic hepatitis (Herzer et al., 2007). 

Hepatitis C virus is also a major public health problem (Michielsen et al., 

2005).  

i. Acute hepatitis  

Descriptions are largely based on findings in transfused patients 

where the time of infection is certain. Clinical presentation of disease after 

other modes of transmission, such as intravenous drug addiction. The 

incubation period is about 7-8 weeks (range 2- 26 weeks). The symptoms 

resemble those of other forms of viral hepatitis. Serum Hepatitis C virus 

ribonucleic acid (RNA) becomes positive 1-2 weeks after infection. At 7-8 

weeks, serum alanine aminotransferase is moderately increased to about 15 

http://www.patient.co.uk/showdoc/40000377
http://www.patient.co.uk/showdoc/40000370


times the upper limit of normal. Clinical diagnosis is rarely made and this 

depends on viral markers (Sherlock and Dooley, 2002c). 

ii. Fulminant hepatitis 

Death from acute viral hepatitis is usually due to the development of 

fulminant hepatitis. This is usually defined as development
 
of hepatic 

encephalopathy within eight weeks of symptoms or within
 
two weeks of 

onset of jaundice. The risk of developing fulminant
 
liver failure is generally 

low, but there are groups with higher
 
risks (Ryder and Beckingham, 2001).     

iii. Chronic hepatitis 

Chronic hepatic injury is a relatively common disorder with minimal
 

symptoms but long-term risk of significant morbidity and mortality.
 
It is 

defined pathologically by ongoing hepatic necrosis and inflammation
 
of the 

liver, often accompanied by fibrosis. Chronic hepatic
 
injury may progress to 

cirrhosis (15-20 % in the case of chronic hepatitis C virus) and predisposes to 

hepatocellular carcinoma. Most commonly, it is the result
 
of chronic viral 

infection (Dufour  et al., 2000).  

1.3. b. Drug and alcohol related disorders 

    Toxins such as alcohol, drugs or poisons can cause hepatitis directly 

(by damaging liver tissue) or indirectly (by reducing defenses or stimulating 

an autoimmune response), but the exact mechanism is not always clears 

(Stumpf, 1995). 

http://www.webmentorlibrary.com/gateway.asp?medline=http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?db=m%26form=6%26uid=11159575%26dopt=r


1.3. c. Liver fibrosis 

Fibrosis can be classified as a wound-healing response to a variety of 

chronic stimuli. It is characterized by an excessive deposition of extracellular 

matrix (ECM) proteins which includes three large families of proteins, 

glycoproteins, collagens, and proteoglycans (Friedman, 2000). 

1.3. d. Liver cirrhosis  

Chronic hepatitis C leads to cirrhosis in 20 to 30%. Hepatocellular 

carcinoma can develop in 1 to 5%. This natural course is modified by several 

factors including age, sex and alcohol. This last one is an important risk 

factor for fibrosis, cirrhosis and hepatocellular carcinoma. Data about high 

alcohol consumption show an increased risk whereas the risk associated with 

light to moderate consumption of alcohol remains unclear (Lampo and 

Malinverni, 2003) 

1.3. e. Hepato-cellular carcinoma (HCC)  

 Alcoholic hepatitis and nonalcoholic steatohepatitis (NASH) show 

different clinical features with similar liver histology, but both disorders may 

progress to cirrhosis and HCC. HCC arising in alcoholic liver disease (ALD) 

or NASH, without hepatitis B or C virus infection, has been a rare 

observation and there are no studies comparing the characteristics of 

alcoholic liver disease and nonalcoholic steatohepatitis patients with HCC 

(Hashimoto et al., 2004).  

 

 

 



2. Hepatitis C Virus  

Hepatitis C virus (HCV) is a large health care burden to the world. 

Incidence rates across the world fluctuate and are difficult to be calculated 

giving the asymptomatic, often latent nature of the disease prior to clinical 

presentation (Sy and Jamal, 2006). HCV has become a silent pandemic 

around the globe (Yupeng et al., 2007). HCV is the most common blood-

born infection and is the leading cause of chronic liver disease in the USA 

(Alter et al., 1999). HCV is both an hepatotropic and a lymphotropic virus; 

and chronic infection could cause, chronic hepatitis, cirrhosis (Craxì et al., 

2008). 

 The clinical course of chronic HCV is highly variable ranging from 

mild hepatitis (inflammation of the liver), fibrosis (scaring of the liver), 

cirrhosis (end-stage fibrosis) to HCC (Gundo, 2006). 

2.1. History of hepatitis C   
 

Since its discovery in 1988, the hepatitis C virus has become a hot 

topic of research by many groups around the world. This globally spread 

infectious agent is responsible for a large proportion of chronic viral 

hepatitis. The clue to halting the HCV pandemic may be the detailed 

understanding of the virus structure, its replication mechanism, and the exact 

functions of the various proteins. Such understanding could enable the 

development of new antivirals targeted against HCV and possibly an 

effective vaccine (Krekulova et al., 2006). HCV is a major  aetiological 

agent of chronic hepatitis and it may lead to the development of liver 

cirrhosis and hepatocellular carcinoma (Fernandez Arcas et al., 2006). HCV 

has a single stranded, positive–sense RNA genome of about 9.5 kb that has a 

single open  reading frame encoding a polyprotein precursor of about 3,010 

amino acids (Gang and Girish, 1996).  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crax%C3%AC%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus


2.2. Molecular virology of HCV 

2.2.a. Genomic organization of HCV 

HCV is a small enveloped virus composed of a host cell derived lipid 

membrane that carries the envelope glycoproteins and a nucleocapsid that 

harbors the single strand RNA genome of positive sense polarity which acts 

as  

a template
 
in replication and translation processes, Figure 2 (Penin et al., 

2004 and Yupeng et al., 2007). HCV is a positive strand RNA virus that has 

been classified as the genus Hepacivirus in the Flaviviridae family. The HCV 

genome is an uncapped, linear molecule with a length of 9600 nucleotides 

coding for a polypeptide with a length of about 3,000 amino acids 

(Lindenbach and Rice, 2001). It carries a long open reading frame that is 

flanked at the 5` and 3` ends by short highly structured non-translated regions 

(NTRs). The 5` NTR has a length of about 340 nucleotides and contains an 

internal ribosome entry site (IRES) required for translation of the HCV 

genome (Bartenschlager et al., 2004).  

This RNA element binds the 40 structure ribosomal subunit in the 

absence of other translation initiation factors in a way that the initiation 

codon is placed in the immediate vicinity of the P site (Pisarev et al., 2005). 

Part of the IRES (domain II) overlaps with RNA signals essential for viral 

replication arguing for a possible role of domain II in regulating a translation 

RNA replication switch. The 3` NTR has a tripartite structure composed of 

an 40- nucleotides long variable region downstream of the HCV coding 

sequence, a poly-(U)-polypyrimidine tract of heterogeneous length, and a 

highly conserved 98-nucleotide sequence designated X-tail. Expression of the 

viral proteins from the monocistronic genome is primarily achieved by 



production of a polyprotein that is proteolytically cleaved into the structural 

proteins (core, envelope proteins E1 and E2), the hydrophobic peptide p7, 

and the non-structural (NS) proteins NS2, NS3, NS4A, NS4B, NS5A, and 

NS5B, Figure 2 (Branch et al., 2005; Friebe et al., 2005; Pisarev et al., 

2005 and Yupeng et al., 2007).  

Processing of the core to p7 region is mediated by host cell 

signalases, and in the case of the core protein, in addition by signal peptide 

peptidase. All remaining cleavages are carried out by two viral proteases: the 

NS2/3 protease  

mediating cleavage between NS2 and NS3 and the NS3 serine type protease 

that is responsible for processing at all other sites in the NS polyprotein 

region. Alternative forms of the core protein generated by internal initiation 

of translation of an alternative reading frame or by ribosomal frameshifting 

have been reported (Branch et al., 2005). 



  

 

Figure 2. HCV Model Structure (A) and Genome Organization (B) 

(Yupeng et al., 2007). 



2.2.b. Life cycle of HCV 

After the landmark report of the first HCV cDNA clones in 1989 

(Choo  et al., 1989 and Timothy et al., 2007), many expected HCV 

molecular virology to quickly advance to a state rivaling that of other 

positive-strand RNA viruses. More than 15 years later, this predication is 

only beginning to be realized. Significant advances in understanding the key 

steps of the HCV life cycle have been made in recent years, although many 

steps remain enigmatic, Figure 3. 

 

a- Extracellular HCV virions interact with receptor molecules at the cell 

surface 

b- and undergo receptor-mediated endocytosis  into a low-pH vesicle. 

c- Following HCV glycoprotein-mediated membrane fusion, the viral RNA is 

released into the cytoplasm. 

d- The genomic RNA is translated to generate a single large polyprotein that 

is processed into the 10 mature HCV proteins in association with a virus 

derived ER-like membrane structure termed the membranous web. 

e- The mature HCV proteins replicate the RNA genome via a minus-strand 

replicative intermediate to produce progeny RNA. 

f- A portion of this newly synthesized RNA is packaged into nucleocapsids 

and associated with the HCV glycoproteins, leading to budding into the ER . 

g- Virions follow the cellular secretory pathway and, during this transit, 

maturation of particles occurs.  

h- Mature virions are released from the cell, completing the life cycle. 

(Timothy et al., 2007) 

  



 

 

 

Figure 3. Schematic diagram of the HCV life cycle  (Timothy et al., 2007).  



2.3. Epidemiology of HCV 

HCV is recognized as a major threat to the global public health. 

Globally, HCV is estimated
 
to infect over 170 million individuals (about 3% 

of the world‟s population), Figure 4. World health organization (WHO) 

published their first estimate of global prevalence of HCV (WHO, 1997). 

The WHO regions where prevalence was reported to be high are Africa, the 

Eastern Mediterranean, South-East Asia and the Western Pacific. Lower 

prevalence was found in countries in North America and Europe (WHO, 

1999 and WHO, 2002). Prevalence rates across the world have changed as 

well with more countries aware of transfusion related HCV and more and 

more evidence supporting intravenous drug use as the leading risk factor of 

spread of the virus (Sy and Jamal, 2006).  

In Europe, general prevalence of HCV is about 1% but varies among 

the different countries (Touzet et al., 2000). In Northern Italy, prevalence of 

HCV antibody was 3.2 % (Bellentani and Tiribelli, 2001). The prevalence 

of HCV was estimated to be 1.3%, very similar to the French general 

population (Pradat et al. 2001). Very low prevalence has been reported in 

UK and Scandinavian 0.04-0.09% (Garson et al, 1992), and also in some 

areas of Japan (Sakugawa et al, 1995). Low prevalence ranging from 0.15 to 

0.5% in US, Western Europe (Dawson et al, 1991 and Alter, 1995). 

HCV prevalence in Egypt 

The high incidence of HCV infection in Egypt the legacy left from the 

mass use of tartar emetic to eradicate schistosomiasis, as in other hight 

prevalence areas will take years to reduce (Williams., 2006). HCV is  one  of  

the most  important causes of chronic hepatitis globally, and particularly in 

Egypt (Farrag et al., 2004). HCV related mortality is expected at least to 

double in the next 20 years. The use of antiviral therapies can lower these 

predictions. Efficient prevention policies are needed to avoid these 

predictions being exceeded (Deuffic Burbans et al., 2006). Residents of 

Egypt's Nile river delta  



 

 

 

 

 

 

 

 

 
Figure 4.  HCV prevalence in the world  (WHO, 2002). 



have among the world's highest seroprevalence of  HCV infection (Darwish 

et al., 2001). The high prevalence of HCV infection in Egypt highlighted the 

urgent need for implementing infection control programs in Egypt (Talaat et  

al., 2006). 

2.4. Transmission of HCV 

The transmission of and screening for HCV infection varies 

considerably throughout the world; differences between resource-poor and 

resource-rich countries are particularly pronounced. The primary mode of 

HCV transmission is exposure to infected
 
human blood via intravenous drug 

use or unscreened transfusions. Nosocomial HCV transmission
 
during 

dialysis, colonoscopy, and surgery has also been reported
 
(Lauer and 

Walker, 2001). The modes of transmission of HCV infection can be divided 

into percutaneous (blood transfusion and needle stick inoculation), and non 

percutaneous (sexual contact, perinatal exposure). The latter group may 

represent occult percutaneneous exposure. Over all, blood tranfusion from 

unscreened donors  (Terrault and Wright, 2002). Perinatal and sexual
 

transmission of the virus is inefficient (Richter, 2002). Indeed, in intial 

studies, HCV was shown to be the etiologic agent in more than 86% of cases 

of post-transfusional non A, non B hepatitis  (Terrault and Wright, 2002). 

2.5. Diagnosis of HCV infection 

The molecular or virologic assays detect specific viral nucleic acid 

sequences (HCV-RNA), which indicate persistence of the virus (Morishima 

and Gretch, 1999). Wherease serologic assays are typically used for 

screening and first line diagnosis, virologic assays are needed to confirm 



active infection or to monitor the effects of the therapy (Terrault and 

Wright, 2002). 

2.5.a. Liver enzymes and Liver function testes 

An increment of alanine aminotransferase (ALT) or aspartate 

aminotransferase (AST) in human serum indicates an abnormal symptom of  

the liver (Song et al ., 2009).The diagnosis of chronic hepatitis C infection 

often is suggested by abnormalities in ALT levels and is established by 

enzyme immunoassay (EIA) followed by confirmatory determination of 

HCV RNA (Seeff and Hoofnagle, 2003). AST can be very high in acute 

hepatitis and drop to normal or slightly elevated in chronic hepatitis. ALT is 

very useful for monitoring the effectiveness of antiviral drug treatment for 

CHC. The response to treatment is judged in terms of ALT normalization 

during and after treatment (Lindsay, 2002). Although it is generally true that 

patients with an active and progressive hepatitis will have elevated liver 

enzymes, it is not true that patiens with normal liver enzymes will have no 

liver damage (Christopher and Heather, 2001). 

2.5.b. Serologic assays 

Secretion of antigen-specific and non-specific immunoglobulins can 

be detected by enzyme-linked immunosorbent assay (ELISA) (Rehermann 

and Naoumov, 2007). A number of tests are available for detecting the 

presence of anti-HCV. The most commonly used tests are the enzyme 

immunoassay (EIA) and ELISA, which is a type of EIA. These tests are 

inexpensive, rapid, easy to perform and widely available. Early versions were 

plagued by frequent false-positive reactions, but the current “third-

generation” assays are 99% specific and 99% sensitive in immunocompetent 

individuals (Colin, 2001 and Chevaliez and Pawlotsky, 2006). 



Patients who react with two or more HCV antigens by recombinant 

immunoblot assay (RIBA) are considered to have tested positive, while those 

who react to one antigen have indeterminate results. The RIBA and ELISA 

share the same sensitivity. Compared to ELISA, RIBA has a higher 

specificity (Rebecca, 2006). The second and third generation immunoblot 

tests are based on the detection of anti-HCV antibodies with structural and 

non structural viral antigens coated as parallel bands on nitrocellulose strips. 

Immunoblot tests are useless as confirmatory assays in routine diagnosis of 

HCV infection in clinical laboratories, but can resolve false-positive results 

in the blood donor screening context (Engel et al., 2007). 

2.5.c. Virologic assays 

 i - Quantitative assays 

Quantitative measurements of serum HCV RNA
 

are becoming 

increasingly important in the management of HCV-infected
 
patients (Isabelle 

et al., 2005). Quantitative HCV RNA testing provides prognostic information 

regarding likelihood of treatment response and plays an important role in 

monitoring the antiviral response to treatment (Scott and Gretch, 2007).   

ii - Qualitative assays 

Qualitative molecular tests are useful for confirmation of positive 

screening tests (Jerome and Gretch, 2004). Qualitative nucleic acid tests 

have low limits of detection (<50 IU HCV RNA/mL) and are used for 

confirmation of HCV infection and for screening blood donations (Scott and 

Gretch, 2007). Qualitative tests are more sensitive than quantitative ones, 

because they detect very small quantities of viral RNA (Muñoz Espinosa, 

2002). 



2.6. Treatment of HCV 

Pegylated interferon (peg-IFN) is the most effective therapy for HCV 

but its cost is out of reach of most patients in the developing countries (El-

Zayadi et al., 2005). For patients with chronic HCV, it is generally more cost 

effective to provide antiviral treatment at a mild rather than a moderate 

disease stage. For older patients (aged 65 years or over) with genotype 1, 

antiviral treatment at a mild stage is not cost effective (Grieve et al., 2006). 

Identification of HCV carriers in the general population and treating those 

indicated with interferon would help decrease the development of HCC and 

lift its medical, as well as economic, burdens off society (Mizui et al., 2007). 

The therapeutic effect of pegylated interferon (peg-IFN) alpha-2a 

combination with ribavirin on patients with chronic HCV  infection is 

dependent on the rapidity of the virological response. Treatment of the 

chronic HCV infection is an unmet medical need, and the HCV NS3 serine 

protease (NS3-SP) has been used as an attractive target of antiviral screening 

against HCV. Cell viability and secreted alkaline phosphatase (SEAP) 

activity assays with 1-4 revealed little if any toxicity. These nonpeptide 

inhibitors of HCV NS3-SP might serve as potential candidate anti-HCV 

agents (Zuo et al., 2007). Early hepatitis C viral  kinetics following 

pegylated interferon-alpha (PEG-IFN) and ribavirin help to assess treatment 

in the Western world (Hsu et al., 2007).  The development of molecular-

based therapies for the treatment of chronic HCV infection is an area of 

intense clinical research, driven by the inability of the current standard of 

care, combination therapy with pegylated interferon alfa (PEG-IFN alpha) 

and ribavirin (RBV), to achieve a sustained virologic response (SVR) in a 

large proportion of patients and by the lack of approved alternative therapies 

for PEG-IFNalpha/RBV nonresponders and relapsers. Agents being 

developed against specific HCV viral proteins have recently been termed 



specifically targeted antiviral therapy for HCV (Harrison et al., 2007). 

Although the combination therapy of interferon (IFN)-alpha and ribavirin is 

effective for the chronic HCV infection, around half of patients infected with 

HCV genotype 1 fail to show a sustained virologic response and remain 

chronically infected (Chang et al., 2007). Treatment of chronic hepatitis C 

with combination therapy was comparably effective between patients aged 

>/=60 years and those aged <60 years, although the ribavirin discontinuation 

rate was higher among the older patients than the younger patients (Honda et 

al., 2007). 



3. Liver disease associated with HCV 

Liver fibrosis 

Liver fibrosis represents a major medical problem with significant 

morbidity and mortality. Liver cirrhosis, an end stage consequence of 

fibrosis, is characterized by nodule formation and altered hepatic function 

(Friedman, 2003). Fibrosis can be classified as a wound-healing response to 

a variety of chronic stimuli. It is characterized by an excessive deposition of 

extracellular matrix proteins which includes three large families of proteins 

glycoproteins, collagens, and proteoglycans (Friedman, 2000).  

Fibrosis results from chronic damage to the liver in conjunction with 

the progressive accumulation of fibrillar extracellular matrix proteins. The 

main causes of liver fibrosis include hepatitis C and B viral infections, 

alcohol abuse, and nonalcoholic steatohepatitis. Liver extracellular matrix is 

composed mainly by proteoglycans, glycosaminoglycans and fibrous 

proteins. It can be synthesized by hepatocytes, bile duct epithelial cells, and 

endothelial cells, but the largest contribution to extracellular matrix liver 

production is the fibroblastic cell population (Friedman, 1993 and Kaimori 

et al., 2007).  

As the liver becomes fibrotic, the composition of the hepatic 

extracellular matrix changes. The total content of collagenous and non-

collagenous components increases 3-5 fold, accompanied by a shift in the 

type of extracellular matrix in the subendothelial space from the normal low-

density basement membrane like matrix to an interstitial-type matrix 

containing fibril forming collagens (Pinzani, 1999 and Bataller and 

Brenner, 2005).  
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Fibrosis develops with different spatial patterns corresponding with 

the diverse causes of parenchymal damage. As a consequence of viral 

infection, it is  

initially concentrated within and around the portal tract, giving place to 

portal-  

portal and portal-central septa. Among the cell types potentially involved in 

the abnormal deposition of fibrillar extracellular matrix, the most studied 

contributors are the hepatic stellate cells (HSCs), which activate, following 

liver injury, into a myofibroblasts (MFB) phenotype and produce collagen 

between the liver (Friedman, 1999a and Geerts, 2001). Myofibroblasts are 

widely distributed cells with features of both fibroblasts and smooth muscle 

cells (Poweell et al., 1999).  

They are important coordinating cells that have a significant influence 

on their environment by virtue of their receptors and the cell signals they 

produce. Their functions include roles in growth, differentiation, 

development, and healing during the inflammatory response (Sappino et al., 

1990 and Friedman, 1997).  

The existence of distinct extracellular matrix -producing cells, each 

with diverse localization and phenotype, has been identified in the liver 

(Cassiman et al., 2002). Furthermore myofibroblasts of bone marrow origin 

have been identified in fibrotic human and rat livers (Forbes et al., 2004 and 

Gressner and Weiskirchen, 2006). 

However, although the hepatic stellate cell has historically been 

considered the primary hepatic cell type responsible for excess deposition of 

extracellular matrix during liver fibrosis, evidence is mounting that other cell 

types also provide contribution. These additional fibrogenic cells are of 

mesenchymal origin and include myofibroblasts, interstitial fibroblasts and 

bile duct epithelial cells (Bhunchet and Wake, 1992; Herbst et al., 1997 

and Ramadori and Saile., 2004).    



One of the most exciting advances in hepatology is the realisation that 

fibrosis is not simply a progressive process but is in fact highly dynamic with 

the potential to regress. Although reversion of liver fibrosis is not an entirely 

new concept, it was an idea that lacked the robust clinical and experimental 

evidence that has only been obtained (Benyon and Iredale, 2000 and 

Friedman and Bansal, 2006). 

3.1. Activation of the hepatic stellate cell 

Hepatic stellate cell is the primary cell-type in the liver responsible 

for excess collagen synthesis during hepatic fibrosis (Gressner, 1996 and 

Tsukada et al., 2006). Following liver injury, the hepatic stellate cell 

undergoes a complex transformation or activation process where the cell 

changes from a quiescent, vitamin A-storing cell to that of an activated, 

myofibroblast-like cell (Eng and Friedman, 2000). Hepatic stellate cell is 

the most important profibrogenic precursor cell type, because of its plasticity 

to develop to contractile myofibroblasts, which have lost the vitamin A 

storage capacity. Beside hepatic stellate cell the influx of bone marrow-

derived fibrocytes into the inflamed liver tissue, Figure 5 (Gressner and 

Weiskirchen, 2006). 

Cellular changes accompanying hepatic stellate cell activation include 

morphological changes such as the appearance of the cytoskeletal protein 

smooth muscle a-actin (a-SMA), a loss in the cellular vitamin A stores, and 

an increase in the appearance of rough endoplasmic reticulum (Mak et al., 

1984; Mak and Lieber, 1988 and Tsukada et al., 2006). 

Hepatic stellate cells proliferate and undergo a dramatic phenotypical 

activation, secreting large amounts of extracellular matrix proteins. 

Sinusoidal endothelial cells lose their fenestrations, and the tonic contraction 

of hepatic stellate cells causes increased resistance to blood flow in the 

hepatic sinusoid, Figure 6 (Bataller and Brenner, 2005). 

Metabolically, an increase in DNA synthesis and cellular proliferation 

occurs following hepatic stellate cell activation. The pattern of gene 



expression also changes following hepatic stellate cell activation; notably, a 

dramatic increase in types I and III collagens occurs (Masuda et al., 1994). 

In addition, expression of all three isoforms of transforming growth factor-h 

(TGF-h), the most potent fibrogenic cytokine described for the hepatic 

stellate cells, and its receptors are increased following hepatic stellate cell 

activation (Gong et al., 1998). Hepatic stellate cell activation is associated 

with an increase in cell contractility, which leads to increased portal pressure 

by both constricting individual sinusoids and contracting the cirrhotic liver as 

a whole (Racine-Samson et al., 1997 and Rockey, 2001b).  

Endothelin-1 (ET-1) is the major contractile stimulus for hepatic 

stellate cell (Racine-Samson et al., 1997). Activated hepatic stellate cell also 

produce nitric oxide, a physiological antagonist of Endothelin-1(Rockey and 

Chung, 1995). The net contractile activity of hepatic stellate cells in vivo 

reflects the relative balance of these opposing factors, with the imbalance 

shifted in favor of endothelin and increased contraction as liver  sease 

progresses, as nitric oxide expression decreases and Endothelin-1 expression 

increases (Gupta et al., 1998).  

As with other features of hepatic stellate cell activation, increasingly 

complex levels of regulation are being revealed, such as mechanisms that 

modulate the contractile nature of hepatic stellate cell, including activation of 

Endothelin-1 by a converting enzyme (Friedman, 1993). 

Leptin is a 16 kD protein secreted mainly by adipocytes but has been 

shown to be produced by non-adipocyte sources, including hepatic stellate 

cells (Zhang et al., 1994). Leptin may play a direct role in steatosis-related 

hepatic fibrosis (Anania, 2002). 

Hepatic stellate cell activation requires a coordinated activation of 

several transcription factors (Hazra et al., 2004). 

 

 

 



 

 

 

 

 

Figure 5. Formal pathogenetic sequence of the fibrogenic activation HSC 

MFB leading to fibrosis and cirrhosis (Gressner and Weiskirchen, 2006). 

 

 

 

 



 

 

 

Figure 6. Changes in the hepatic architecture (Friedman, 2003 ; Bataller 

and Brenner, 2005). 



3.2. Stellate cell activation, the central event in hepatic fibrosis 

It is useful to frame the pathophysiology of hepatic fibrosis around 

the mechanisms of hepatic stellate cell activation because this cell type is the 

major phases, intiation and perpeteuation, Figure 7 (Friedman, 2000). 

3.2.1. Initiation stellate cell Activation 

Initiation represents early changes in gene expression and phenotype  

that render the cell responsive to other cytokines and stimuli. The earliest 

changes in stellate cells are likely to result from paracrine stimulation by all 

neighboring cell types, including sinusoidal endothelium, Kupffer cells, 

hepatocyte and platelets. As noted above, early injury to endothelial cells 

stimulate the production of cellular fibronectin, which has an activating effect 

on stellate  cells. Endothelial cells are also likely to participate in the 

conversion of transforming growth factor beta (TGF-ß) from a latent to an 

active, fibrogenic form (Jarnagin  et al., 1994 and Schiff et al., 2003). 

 Kupffer cells can stimulate matrix synthesis, cell proliferation and the 

release of retinoids by stellate cells through the action of cytokines and 

reactive oxygen intermediates/lipid peroxides. The early stimulation of 

stellate cells by lipid peroxides in vivo may be important in many forms of 

liver fibrosis, particularly hepatitis C virus, nonalcoholic steatohepatitis, and 

iron overload (Bonkovskt et al., 1999 and Schiff et al., 2003). 

3.2.2. Perpetuation of stellate cell activation  

The perpetuation of hepatic stellate cell activation involve at least 

seven discrete changes in cell behavior: 

1. proliferation 

Platelet-derived growth factor is the most potent hepatic stellate cell 

mitogen identified the induction of platelet-derived growth factor receptors 

early in hepatic stellate cell activation increases responsiveness to this potent 

mitogen (Wong et al., 1996 and Schiff et al., 2003). 



Downstream pathways of platelet-derived growth factor signaling 

have been carefully characterized in hepatic stellate cells. Other compounds 

with mitogenic activity in hepatic stellate cells (Pinzani and Marra, 2001) 

include thrombin and its receptor (Marra et al., 1998), transforming growth 

factor alpha (TGF-α)  and basic fibroblast growth factor (bFGF) (Pinzani et 

al., 1989 and Schiff et al., 2003). 

The clarification of signaling pathways for these and other mitogens 

in stellate cells has revealed many potential sites for therapeutic entervention 

(Pinzani and Marra, 2001). 

2. Chemotaxis   

Hepatic stellate cells migrate toward sytokine chemoattractantts; such 

migration is also characteristic of wound–infiltrating mesenchymal cells in 

other tissues. Chemotaxis of hepatic stellate cells explains in part why stellate 

cells align within inflammatory septa in vivo (Marra et al., 1999 and 

Maher, 2001).  

3. Fibrogenesis  

Increased matrix production is the most direct way in which activated 

hepatic stellate cells generate hepatic fibrosis. Among the components of the 

hepatic scar, collagen type I, is the best studied and numerous reports 

describe the regulation of the collagen I gene in hepatic stellate cells and the 

most potent stimulus to collagen I production is TGF-β also stimulates the 

production of other matrix components, including cellular fibronectin and 

proteoglycans (Gressner, 1998 and George et al., 2000).  

4. Contractility 

The contractility of hepatic stellate cells may be a major determinant 

of early and late increases in portal resistance during liver fibrosis. Activated 

hepatic stellate cells impede portal blood flow both by constricting individual 

sinusoids and by contracting the cirrhotic liver (Rockey, 2001b).  



As hepatic stellate cells become contractile, their expression of the 

cytoskeletal  protein α smooth-muscle actin is increased. If smooth-muscle 

actin is required for contraction, then its inactivation may represent a target 

for trating portal hypertension. Endothelin-1 is the major contractile stimulus 

to hepatic stellate cells (Housset et al., 1993). Increased endothelin levels 

result from increased endothelin-converting enzyme activity. Other, less 

potent contractile stimulus have been identified (Rockey, 2001b).  

5. Matrix degradation 

Quantitative and qualitative changes in matrix protease activity play 

an important role in the extracelluler matrix remodeling that accompanies 

fibrosing liver injury (Benyon and Arthur, 2001). 

6. Retinoid loss 

Hepatic stellate cell represent the major storage site for retinoids in 

the liver; however, following hepatic stellate cell activation a loss of the 

characteristic stored retinoid droplets occurs (Rockey, 2001a).  

Potential effects retinoid loss may play in facilitating cellular 

activation and hepatic fibrosis can be derived from the generation of novel 

metabolites of retinoic acid, but their role has not been clearly established in 

vivo. Although speculated, it is currently unknown whether retinoid loss is a 

requirement for hepatic stellate cell activation, and if prevention of retinoid 

loss might have an effect on hepatic stellate cell activation. This remains an 

area of interest, in part because of growing knowledge in other tissue about 

the biology of retinoids and their receptors (Okuno et al., 1999). 

7. White blood cell chemoattractant and cytokine release 

Increased production or activity of cytokines may be critical for both  

the autocrine and paracrine perpetuation of stellate cell activation. Direct 

effects on  stellate cell matrix production and have been attributed to 

autocrine TGF-β and Endothelin-1 respectively. Stellate cells can amplify the 

inflammatory response by inducing the infiltraton of monocytes and 

polymorphonuclear leukocytes.  



  

 

 

Figure 7. Phenotypic features of hepatic stellate cell activation during 

liver injury and resolution. HSC, hepatic stellate cell; ECM, extracelluler 

matrix; ET-1, endothelin 1; TGF-β,  transforming growth factor beta; MMP-

2, matrix metalloproteinase-2; PDGF, platelet-derived growth factor; MCP-1, 

monocyte chemoattractant protein-1 (Friedman, 2000). 

 

 

 

 



Activated stellate cells produce monocyte chemotactic protein 1 when 

stimulated by thrombin (Marra  et al., 1995). In addition to this 

mononuclear cell chemoattractant, stellate cells produce neutrophil 

chemoattractant, which may contribute to the neutrophil accumulation 

characteristic of alcoholic liver disease (Maher, 2001). 

3.3. General aspects of cirrhosis 

Cirrhosis is among the top ten causes of death in the western world. 

Although it is largely the result of alcohol abuse, other major contributors 

include chronic hepatitis, biliary diseases and hemochromatosis. Cirrhosis 

defined anatomically as a diffused process with fibrosis and nodular 

formation (Sherlock and Dooley, 2002c). The accumulation of extracellular 

matrix proteins distorts the hepatic
 
architecture by forming a fibrous scar, and 

the subsequent development
 
of nodules of regenerating hepatocytes defines 

cirrhosis (Bataller and Brenner, 2005). 

Chronic hepatitis C leads to cirrhosis in 20 to 30%. Hepatocellular 

carcinoma can develop in 1 to 5%. This natural course is modified by several 

factors including age, sex and alcohol. This last one is an important risk 

factor for fibrosis, cirrhosis and hepatocellular carcinoma. Data about high 

alcohol consumption show an increased risk whereas the risk associated with 

light to moderate consumption of alcohol remains unclear (Lampo and 

Malinverni, 2003). 

The cirrhosis is differentiated by three main characteristics, the first is 

bridging fibrous septa in the form of delicate bands or broad scars replacing     

multiple adjacent lobules, the second is parenchymal nodules created by 

regeneration of encircled hepatocytes this nodules varying from small (< 3 

mm in diameter, micronodules) to large (several centimeters in diameter, 

macronodules), and the third is disruption of the architecture of the entire 

liver.  



Morphologically classification of cirrhosis 

I- Macronodular cirrhosis. 

II- Micronodular cirrhosis. 

III- Mixed cirrhosis. 

Regeneration in micronodular cirrhosis results in macronudular or 

mixed appearance. With time, micronodular cirrhosis often converts into 

macronodular  

cirrhosis (Sherlock and Dooley, 2002a). 

The central pathogenic process in cirrhosis progressive fibrosis. 

Collagen type I and II are deposited in the lobule, creating delicate or broad 

septal tracts. Continued deposition of collagen in space of disse within 

parenchyma is accompanyed by the loss of fenestrations in the sinusoidal 

endothelial cells. The major collagen source of excess collagen in cirrhosis is 

hepatic stellate cells. The fat storing cells become activated during the 

cirrhosis development and transform into myofibroblast-like cells. 

Throughout the process of their damage and fibrosis, remaining hepatocytes 

are stimulated to regenerate and proliferate into spherical nodules and 

cirrhosis appearance. Cirrhosis symptoms are non-specific; the cirrhotic 

patients suffering from anorexia, weight loss, weakness and osteoporosis 

(Sherlock and Dooley, 2002d). 

The diagnosis of cirrhosis depends on demonstration of wide spread 

nodules in the liver combined with fibrosis using laparoscopy visualizing the 

nodular liver and allowed directed liver biopsy. On the other hand using 

ultrasound, cirrhosis is suggested by liver surface nodularity (Gaiani et al., 

1997). Using computerized tomography scan (CT Scan) is cost effective for 

assessed cirrhosis and the irregular nodular surface seen (Sherlock and 

Dooley, 2002a). 



The prognosis is determined by the extent of hepatocellular failure, 

jaundice, spontaneous bruising and ascites resistant to treatment are grave 

sign. The prognosis may be very dangerous by transforming into 

hepatocellular carcinoma throughout hepatocellular failure, then portal 

hypertention (Bustmante et al., 1999). 

The management of the well-compensated cirrhosis is directed 

towards the maintenance of an adequate balanced diet, the avoidance of 

alcohol, the early detection of hepatocellular failure, fluid retention and 

encephalopathy increases the probability of the treatment and recovery 

(Sherlock and Dooley, 2002d). Surgery in cirrhosis carries a high risk for 

the cirrhotic patients according to the disease degree especially in the late 

stages (Friedman, 1999b). 

3.5. Mechanisms of liver fibrosis reversion 

Clinical evidence of reversion of fibrosis 

More recent studies have confirmed the potential for liver fibrosis 

reversion on the cessation of chronic liver injury. One biopsy based study 

from patients with hepatitis C treated with pegylated interferon and ribavarin 

showed evidence of fibrosis regression in patients responding to therapy 

(Poynard et al., 2002).  A very small number of patients with cirrhosis on 

baseline biopsy had no fibrosis on a second biopsy. Although interesting 

because it raises the possibility that complete reversion may occur, two 

significant caveats apply (Muddua et al., 2007). 

Firstly liver biopsies are subject to sampling error (Regev et al., 

2002), and therefore patchy cirrhosis or fibrosis could be missed. Secondly, 

this finding has not been reliably reproduced in other studies and therefore 

the finding of complete reversion should be interpreted with caution. 

Regression of liver fibrosis after treatment of the underlying liver disease has 

also been demonstrated in autoimmune hepatitis (Dufour et al., 1997 and 



Malekzadeh et al., 2004), biliary tree obstruction (Hammel et al., 2001), 

and hepatitis B (Kweon et al., 2001). 

Finally although no direct trial evidence exists to show reversal of 

alcoholic liver fibrosis, clinical data have shown improved survival following 

abstinence suggesting that some regression may occur (Pares et al., 1986 

and Muddua et al., 2007). 

3.6. Estimating liver fibrosis 

3.6.1. Liver Biopsy 

Liver biopsy remains the gold standard to diagnose the presence of 

fibrosis or cirrhosis and stage the disease. It can provide additional 

information, allowing the identification of comorbidities. However, it is an 

invasive procedure with a morbidity rate of 0.3-0.6% and mortality rate up to 

0.05%. Sampling error especially between stage 3 (extensive fibrosis) and 

stage 4 (cirrhosis), particularly with biopsies of small size, the use of 

semiquantitative scoring systems, inadequate interchange between the terms 

„„fibrosis‟‟ and „„cirrhosis‟‟, and poor intra- and interobserver concordance 

are some of its limitations.  

In clinical practice, patients with chronic liver disease may be 

reluctant to undergo repeated liver biopsies. Its use to estimate the long term 

dynamic process of liver fibrosis is troublesome; even if a second liver 

biopsy is obtained there is always the possibility during the comparison of 

confusing a rapidly progressive fibrosis, with an initial biopsy that 

underestimated the degree of fibrosis (Grant and Neuberger, 1999; 

Dienstag, 2002; Bedossa et al., 2003 and Rousselet et al., 2005). 

3.6.2. Blood Markers  

A variety of non-invasive serological markers are now available for 

the clinician with the purpose of evaluating fibrosis in patients with chronic 

viral hepatitis. Although these tests can be used to stage the disease, their 



main usefulness lies in assessing fibrosis progression, based on the fact that 

they can be performed repetitively over the long-term course of the disease. 

The most frequently used marker in the clinical setting to follow a patient 

with hepatitis C virus.  

Several combinations of indirect or direct markers of fibrogenesis 

have been tested in cross-sectional studies and compared with liver biopsies 

with the main purpose to try to explore their value as predictors of fibrosis 

progression such as the AST/Platelets Ratio Index (Wai et al., 2003). 

Several combinations of the different biomarkers are being tested and 

compared with liver biopsies (Castaldo et al., 1996; Bonacini et al., 1997; 

Fortunato et al., 2001; Attallah et al., 2006 a and Attallah et al., 2007 b).  

 



4. Diagnosis of liver fibrosis  

In patients with chronic hepatitis, particularly those with viral 

hepatitis, precise definition of the hepatic fibrosis stage is the most important 

parameter to assess the risk of disease progression and to decide for an 

immediate and appropriate antiviral therapy. This is particularly true for 

those patients with chronic viral hepatitis and alcoholic or non-alcoholic fatty 

liver who are still in a well compensated phase and have no overt clinical and 

laboratory signs of cirrhosis. In these patients liver biopsy represents the gold 

standard for  valuating the presence, type and stage of liver fibrosis (Afdhal 

and Nunes, 2004).  

This procedure, however, is invasive, stressful for patients, costly, and 

difficult to standardize. Therefore, in recent years there has been an 

increasing interest in the possibility of identifying and describing liver 

fibrosis by using non invasive, surrogate markers measurable in peripheral 

blood (Plebani and Basso, 2007). 

4.1. Liver biopsy: advantages and disadvantages 

 Liver biopsy has the advantage of allowing to obtain information not 

only on fibrosis, but also on many useful parameters such as inflammation, 

necrosis, steatosis, hepatic iron deposition and so on. Furthermore, it allows 

to identify suspected or unexpected cofactors and comorbidities. Scoring 

systems specifically designed for chronic viral hepatitis are the histological 

activity index proposed by (Knodell  et al., 1981). The Ishak's score (Ishak, 

1994), and the METAVIR scoring system (The French METAVIR 

Cooperative Study Group, 1994). According to this system, 5 stages are 

recognized, F0 representing absence of fibrosis, F1 portal fibrosis without 

septa, F2 portal fibrosis with septa, F3 septal fibrosis without cirrhosis and 

finally F4 cirrhosis. However, liver biopsy has also many limitations. 

Significant complications of liver biopsy, which are defined as those 



requiring hospital admission or prolonged hospital stay, occur in 1-5% of 

patients with a mortality rate ranging between 1:1000 and 1:10,000 

(Thampanitchawong and Piravisuth , 1999 and  Froehlich et al., 1993). 

  Many studies clearly indicate that liver biopsy, as it is usually taken 

for diagnostic purposes, is prone to sampling errors and may underestimate 

the amount of liver fibrosis. Several studies suggest that cirrhosis might be 

missed on a  single blind percutaneous liver biopsy in 10–30% of cases 

(Maharaj et al., 1986 and Poniachik et al., 1996).  When three different 

liver samples are analyzed, the percentage of correct diagnosis increases from 

80 to 100% (Abdi et al., 1979 and Plebani and Basso, 2007). 

The importance of the sample size for a correct staging of liver 

diseases, concluding that an adequate specimen should be at least 20-mm in 

length with at least 11 complete portal tracts while others have recommended 

even bigger samples, up to 25 mm in length (Colloredo et al., 2003). On the 

same line, Scheuer concluded that  bigger is better”(Scheuer, 2003). 

However, the need for obtaining a liver sample of adequate size is in contrast 

with the patient need of a procedure causing limited pain and hemorrhagic 

risks. Interpathologist and intrapathologist variability has been described 

(Almasio  et al., 2005).  

A French survey on general actitioners concluded that liver biopsy 

may be refused by up to 59% of patients with chronic hepatitis C and that 

22% of the physicians have the same concern for this invasive procedure 

(Bonny et al.,  2003). Another shortcoming of liver biopsy is its cost as it 

always requires hospitalization for 6–12 h (Wong  and  Koff, 2000).   

4.2. Non-invasive measures of liver fibrosis 

4.2.1. Imaging 

Utilization of imaging studies for evaluating fibrosis consider the use 

of the Duplex-Doppler ultrasound as a noninvasive method for the 



assessment of hepatic hemodynamics beyond conventional gray-scale 

imaging ultrasound scoring system using both the low frequency and high 

frequency probes by evaluating the edge, surface and parenchymal texture of 

the liver have been employed to evaluate three different parameters: the 

bluntness of the liver edge, the irregularity of the surface and the coarseness 

of the parenchymal texture (Schneider et al., 2005).  

Ultrasound identification of liver fibrosis in chronic viral liver disease 

is possible with 25% sensitivity, 100% specificity, 100% positive predictive 

value and 79% negative predictive value, with an 80% diagnostic accuracy 

(D’Onofrio et al., 2005). Other ultrasound criteria selected as valuable 

predictors of fibrosis stage include the liver surface, the hepatic parenchymal 

echo pattern, and the wall thickness of gallbladder (Zheng et al., 2003). 

 A method for measuring liver stiffness using transient elastography 

(FibroScan; Echosens, Paris, France) shows promise as a quantitative method 

for non-invasive assessment of liver fibrosis (Castera et al., 2005 and 

Sebastiani et al., 2006). 

4.2.2. Biomarkers 

The key step in the pathophysiology of liver fibrogenesis is the 

balance between extracellular matrix deposition and removal. Indeed, the 

extracellular matrix metabolism is a very dynamic process, influenced by 

factors that contribute to its deposition and by others that mediate its 

degradation (Friedman, 2003).  

Therefore, there is a need for reliable, simple, and the development of 

noninvasive biochemical markers for assessing liver fibrosis. Hepatic fibrosis 

is a scarring process that is associated with an increased and altered 

deposition of extracellular matrix in liver (Gressner and Weiskirchen, 

2006). The ECM is crucial modulator of a biologic processes including cell 

attachment, migration, differentiation, repair, and development.  



ECM represents a group of macromolecules, including the matrix 

proteins collagens and elastin, structural (basement) glycoproteins, 

proteoglycans (core protein-glycosaminoglycan macromolecules) and pure 

carbohydrates, i.e. hyaluronan (formerly termed hyaluronic acid) Figure 8 

(Gressner and Weiskirchen, 2006) .  

ECM remodeling is a dynamic, cell-mediated
 
process that occurs 

during development, tissue repair, and in
 
a variety of pathological events 

including atherosclerosis,
 
hypertension, and ischemic injury (Streuli, 1999; 

Newby and Zaltsman, 2000; Intengan
 
and Schiffrin, 2001). Furthermore, 

abnormal matrix remodeling
 
is associated with fibrosis, arthritis, reduced 

angiogenesis,
 
and developmental abnormalities (Liu et al., 1995; Vu et al.,

 

1998; Holmbeck et al., 1999). During tissue repair, the precise
 
deposition of 

ECM molecules, including collagen I and fibronectin,
 
is required to preserve 

the structural and functional integrity
 
of tissues (Clark, 1996). Excessive or 

inappropriate deposition
 

of ECM molecules, as occurs during fibrosis, 

disrupts normal
 

tissue architecture, leading to impaired organ function 

(Mutsaers
 
et al., 1997; Zeisberg et al., 2000). 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 8.  Major components  of  ECM in human fibrotic liver   (Gressner 

and Weiskirchen, 2006). 



Noninvasive biochemical markers of fibrosis include indirect markers 

which comprising routine laboratory parameters (simple fibrosis tests) such 

as aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio 

(AAR), prothrombin time, platelets which reflect alteration in hepatic 

function, but not directly the ECM metabolism (Lackner et al., 2005) and 

direct markers include hyaluronic acid (HA), type IV collagen (IV-C), N-

terminal propeptide of type III procollagen (PIIIP), Laminin and fibronectin 

which reflect ECM turnover (Fontana and Lok, 2002; Olga and Nikolai, 

2003; Leroy , 2008)  . 

The ideal characteristics of such a marker are summarized in table 1. 

Two main (direct and indirect), and quite different approaches, have been 

followed to identify the ideal marker (Plebani and Basso, 2007). 

 

Table 1. Features of the ideal marker of liver fibrosis (Plebani and Basso, 

2007). 

 

Specific for fibrosis of the liver. 

Providing measurement of: (a) stage of fibrosis; (b) fibrogenesis activity 

Not influenced by comorbidities (e.g., renal, reticulo-endothelial). 

Known half-life. 

Known excretion route. 

Sensitive. 

Reproducible. 

Easy to perform in any clinical laboratory. 

Cost-effective.   

 

 

 



4.2.2.1. “Direct” markers of liver fibrosis 

Many studies have been dedicated to the evaluation of “direct” 

markers of fibrogenesis, i.e., of biochemical parameters, measurable in 

peripheral blood as direct expression of either the deposition and removal of 

extracellular matrix in the liver. They are based on knowledge of the fine 

cellular and molecular mechanisms of fibrogenesis and they evolved 

accordingly in the past decades. These markers include several glycoproteins 

(hyaluronan, laminin and human cartilage glycoprotein 39), the collagens 

family (procollagen III, type IV collagen and type IV collagen 7s domain), 

the collagenases and their inhibitors (metalloproteinases, and tissue inhibitors 

of metalloproteinases), and a number of cytokines involved in the 

fibrogenetic process (in particular, TGF-β1, tumor necrosis factor beta) 

(Adler et al., 2004 and Sebastiani and Alberti, 2006), and The most 

commonly reported direct markers of extracellular matrix turnover include 

those listed in Table 2.  

FibroSpect assay involves three parameters: hyaluronic acid, tissue 

inhibitor of metalloproteinase 1 (TIMP-1) and α2-macroglobulin (Patel et 

al., 2004).  

The European liver fibrosis group reported a novel assay in an 

international multi-center cohort of 1021 patients with hepatitis C, non-

alcoholic fatty liver disease and alcoholic liver disease an algorithm utilising 

age, hyaluronic acid, procollagen III amino terminal peptide and 

metalloproteinase 1 was developed (Rosenberg et al., 2004). Serum 

hyaluronic acid, AST and albumin (SHASTA) score based on hyaluronic 

acid, AST and albumin (Kelleher and Afdhal, 2006).  

 

 

 



 

Table 2. Direct serum markers of fibrosis (Plebani and Basso, 2007). 

 

Markers of matrix removal 

Procollagen IV C peptide. 

Procollagen IV N peptide (7-S collagen) Collagen IV. 

Metalloproteinase (MMP). 

Markers of matrix deposition 

Procollagen I carboxy terminal peptide (PICP). 

Procollagen III amino terminal peptide (PIIINP). 

Tissue inhibitor of metalloproteinase (TIMP). 

Pro-fibrogenic cytokines. 

Platelet derived growth factor (PDGF). 

Hyaluronic acid (HA). 

YKL-40 (Chondrex). 

Combination biomarker assays 

European liver fibrosis (ELF).  

Serum hyaluronic acid, AST and albumin (SHASTA). 

Fibrospect. 

 

 

 

 

 

 

 

 



4.2.2.2. “Indirect” makers of liver fibrosis 

A second and easier approach in the search of non invasive markers 

of liver fibrosis is based on the evaluation of single or combined biochemical 

parameters that reflect the stage of liver disease and to assess and compare 

the accuracy of their diagnostic performance. This approach, that often uses 

routinely performed blood tests, has led to the identification of sets of 

markers able to define the stage of liver fibrosis with an accuracy very 

similar, if not higher, to that of the more sophisticated and difficult to 

measure “direct” markers. Indirect markers are based mainly on single or 

algorithmic elaboration of commonly observed alterations in liver function 

that do not necessarily reflect extracellular matrix metabolism (e.g., platelet 

count, AST and total cholesterol). 

 In general, assessment through indirect markers is, therefore, easy to obtain 

as it is based on laboratory tests already available in hospital general 

laboratories (Plebani and Basso, 2007). 

The AST/Platelets Ratio Index test can successfully and simply 

exclude those with and without significant fibrosis and cirrhosis with 

negative predictive values of 86 % and 98 %, respectively, with 

corresponding positive predictive values of 88 % and 57% (Wai et al., 2003). 

In co-infected patients AST/Platelets Ratio Index performed less well with an 

area under the ROC curve 0.71 (Kelleher et al., 2005). 

The best known tests based on indirect markers include (prothrombin 

index, γ-glutamyl-transpeptidase and apolipoprotein) (Teare et al., 1993), 

and (prothrombin index, γ-glutamyl-transpeptidase, apolipoprotein and α2-

macroglobulin) (Naveau et al., 1994), Bonacini index (platelet count, 

ALT/AST ratio, international normalized ration for prothrombin time) 

(Bonacini et al., 1997), the Forn‟s index based on a combination of age, 

platelet, γ-glutamyl-transpeptidase, and cholesterol determinations (Forns et 



al., 2002), APRI index (AST/Platelets Ratio Index) (Wai et al., 2003), and 

FibroTest (α2-macroglobulin, haptoglobin, γ-glutamyl-transpeptidase, 

apolipoprotein A1, and bilirubin) (Imbert-Bismut et al., 2001 and Myers et 

al., 2003). Wai score based on AST, alkaline phosphatase and platelet count 

(Wai et al., 2003), and the hepascore based on bilirubin, γ-glutamyl-

transferase, hyaluronic acid, α2-macroglobulin, age and gender (Adams et 

al., 2005). The strength of both APRI and Forns' index is that they are based 

on blood tests that are routinely performed in each patient with liver disease. 

The most important limit is that they leave almost half of patients 

unclassified.  

Initially proposed by Imbert-Bismut et al. as fibroscore, FibroTest has 

the great advantage of classifying all stages of fibrosis and it does not leave 

any patient unclassified (Imbert-Bismut  et al., 2001). On the other hand, it 

uses three rather uncommon for a patient with liver disease parameters, 

apolipoprotein A1, haptoglobin and α2-macroglobulin, it requires 

standardization of laboratory procedures (Rosenthal-Allieri et al., 2005).  



5. Collagen 

Collagens are extracellular matrix proteins that maintain the structural 

integrity of various tissues. Because normal collagen contained in connective 

tissues and bone is known to undergo metabolic alterations in a wide variety 

of diseases. The collagens constitute a family of proteins that are assembled 

into a variety of supramolecular structures in extracellular matrices. Research 

conducted over the last 20 years has led to the identification of at least 16 

genetically distinct collagen types encoded by over 30 different genes. The 

structure, function and distribution of these collagens are still the subject of 

intense investigation, but on the basis of their known gene structure and 

amino acid sequences it is possible to classify them into different groups. The 

most studied group is that comprising the collagens capable of forming 

classical fibrous structures (types I, II, III, V and XI), whose main function is 

to resist tensile stresses exerted on tissues. Another class of collagenous 

molecules includes types IX, XII and XIV which are believed to be 

associated with the fibrous collagens and have been assigned the name of 

Fibril Associated Collagens with Interrupted Triple-helices (FACIT). 

Collagen types VIII and X appear to form another class of matrix proteins for 

they exhibit remarkable homology at the levels of gene organization and 

amino acid sequence and have the ability to form regular hexagonal lattice 

structures (J Terrig Thomas et al., 1994). 

a) Procollagen type I carboxy terminal peptide (PICP): 

PICP has little value in the diagnosis of chronic hepatitis and is 

elevated in cirrhosis, quantifying disease severity or indicating the alcoholic 

etiology (Fabris et al., 1997). 

b) Procollagen type III amino-terminal peptide (PIIINP): 



PIIIP is a component of the extracellular matrix deposited in the space 

of Disse (Smedsrod, 1988). PIIIP correlates better with inflammation and is 

thought to reflect primarily active hepatic fibrogenesis in chronic liver 

disease
 
(Ramadori et al., 1991). PIIIP seems to be related mainly with 

histological activity in chronic hepatitis and their levels seem to be especially 

high in the presence of active hepatic diseases, such as chronic hepatitis and 

active cirrhosis (Rosenberg et al., 2004; Tsukamoto et al., 2004; Saitou et 

al., 2005). 

c) Collagen IV:  

In the liver collagen is found in the basement membrane and liver 

fibrosis is associated with increased deposition of it. Collagen IV is an 

important component of extracellular matrix. Serum levels of type IV 

collagen had a positive correlation with the degree of hepatic fibrosis in 

patients with chronic viral hepatitis, alcoholic liver disease (Fontana and 

Lok, 2002; Afdhal and Nunes, 2004). So, serum collagen IV is a biomarker 

of collagen deposition (Matsumoto et al., 1989; Yokoya et al., 1992) and, 

therefore, an indicator of active disease. 

Individual collagen types are rarely found in isolation in extracellular 

matrices and generally occur in conjunction with several others. For example, 

collagen types I, III, V and VI are widely distributed in connective tissues 

such as skin, tendon, aorta, gut etc. In contrast, collagen IV is localised 

exclusively to basement membranes and collagen VII has only been 

described in the anchoring fibrils underlying the lamina densa of many 

epithelia. During evolution a separate group of collagens has arisen to 

provide cartilaginous tissues with their own distinct macromolecular 

organization. The cartilage-specific collagens (types II, IX, X and XI) 

together with the more ubiquitous collagen type VI, and possibly types XII 

and XIV. There is still much to be discovered about the role of these 



collagens in cartilage and especially about their interactions with the highly 

hydrated proteoglycans of the cartilage matrix. The collagens must function 

not only to resist tensile forces and to distribute load on bones articulating in 

cartilaginous and synovial joints but also to mediate the growth and 

development of the skeleton ( Byers P H ,1989). The critical role of collagen 

II in maintaining cartilage integrity has been demonstrated by studies on 

certain heritable chondrodysplasias, whereby aberrant collagen II synthesis 

gives rise to a spectrum of clinical symptoms ranging from mild dwarfism, 

myopia and secondary osteoarthritis in some forms of spondyloepiphyseal 

dysplasia to several lethal forms of achondroplasia. It is clear that the 

cartilage collagens are crucial determinants of the mechanical properties of 

all articulating joints and any disturbance of the complex collagenous  

architecture is likely to lead to dysfunction and arthritic disease ( Byers P H 

,1989). 

Over the past decade it has become increasingly difficult to define 

what is a collagen and what is not. Many of the collagens that do not 

constitute the major fibres of the extracellular matrix are hybrid molecules, 

where the collagenous domain may only be small in comparison to the non-

collagenous part of the molecule. Others, for example type IX collagen, can 

be considered as protein cores of proteoglycans. However, the triple-helix, in 

which three left-handed helices (a chains) twist around each other to form a 

right-handed superhelix, is common to all collagen types. Each at chain must 

contain glycine (Gly) at every third residue as this is the only amino acid 

small enough to fit into the centre of the triple-helix. Approximately 10-12% 

of each of the remaining X and Y residues of the repeating sequence [Gly-X-

Y]n are proline and hydroxyproline respectively, hydroxyproline being 

essential for the formation of hydrogen bonds that stabilise the helix. The 

fibril-forming collagens are synthesized as large precursor (procollagen) 



forms with non-collagenous propeptides at the N- and C-termini of an 

uninterrupted 300 nm triplehelix. The propeptides are removed completely in 

the case of types I, II and III collagens by specific N- and C-proteinases 

before/during self-assembly and crosslinking of the triplehelical molecules 

into stable fibrils. Such fibrils exhibit the classical x ray diffraction patterns 

of collagen. (Ramachandran G N and, Kartha G, 1954). Many of the 

newly discovered collagens do not fit entirely with the above criteria. For 

example, some collagens contain interrupted triple-helices and proteolysis 

leads to their fragmentation into shorter helical domains (types IV, VII, IX, 

XII and XIV). Others do not undergo the procollagen to collagen processing 

but retain their terminal non-collagenous domains which influence the 

supramolecular structures that they assume in the extracellular matrix (types 

IV, VI, VII, VIII, IX, X, XII and XIV).  

Chick cDNA clones for a new member of the FACIT (fibril-

associated collagens with interrupted triple helices) subfamily have been 

isolated and sequenced. The collagen chain encoded by these cDNAs was 

assigned the next consecutive number, making it the α1(XX) collagen chain. 

Assignment of type XX collagen to the FACIT family was based on sequence 

similarities to types XII and XIV collagen. Type XX collagen mRNA is not 

abundant in the chick embryo. It is most prevalent in corneal epithelium. It is 

also detectable by reverse transcription polymerase chain reaction in 

embryonic skin, sternal cartilage, and tendon, but is barely detectable in 

calvaria, notochord, or neural retina at select stages of development, 

suggesting that it is not expressed in these tissues. The cDNA predicts that 

the α1(XX) collagen polypeptide is smaller than the short forms of collagen 

XII and XIV. A polyclonal antibody against a synthetic α1(XX) peptide 

reacts with polypeptide bands of 185, 170, and 135 kDa by Western blot 

analysis. From its similarity to types XII and XIV collagen, type XX is 



expected to bind to collagen fibrils, projecting the amino-terminal domains 

away from the fibrillar surface. The projecting noncollagenous, NC 3 

domains are predicted to be about half the length of those of collagen XIV ( 

Manuel Kock et al., 2001). 



6- Hayluronic acid 

Hyaluronic acid (HA) is a high molecular weight polysaccharide that 

is widely distributed in connective tissue (Meyer and, Palmer, 1934 and 

Laurent and Laurent, 1981. ) and  is , at low concentrations, present in the 

normal liver. Hyaluronic acid (HA), also known as hyaluronate or 

hyaluronan, is a glycosaminoglycan, a high molecular weight polysaccharide 

with an unbranched backbone composed of alternating sequences of β-(1-4)-

glucoronic acid and β-(1-3)-N-acetylglucosamine moieties. Each dimer is 

referred to as one unit and has a molecular weight of approximately 450D. 

The HA molecule can vary in length from less than 10 to more than 1000 unit 

(Sundblad L, 1965 and Laurent TC, 1970 and Fraser JRE et al., 1981 

and Fraser JRE et al., 1984). HA is mainly produced by fibroblasts and 

other specializes connective tissue cells. It plays a structural role in the 

connective tissue matrix( proteoglycan ) and participates in virus cell to cell 

interactions. HA is widely distributed throughout the body and can be found 

as a free molecule in plasma and synovial fluid. In plasma, the half life of the 

HA molecule has been estimated to be about 5 - 6 minutes (Fraser JRE et 

al., 1981 and Fraser JRE et al., 1984). HA is found in synovial fluid in high 

concentrations and is responsible for normal water retention and lubrication 

of the joint. Synovial HA may pass into plasma via the lymphatic system 

(Balazs EA et al., 1967). In circulation, HA levels are maintained by an 

efficient receptor-dependant removal mechanism present in sinusoidal 

endothelial cells (SEC) of the liver and by the enzymatic action of 

hyaluronidaze ( Engstrom-Laurent A and Hallgren R 1985 and Tamaki S 

et al., 1996). 

Although the mechanism involved in increased serum HA levels is 

not fully understood, this increase may be caused by the excess production of 

HA that occurs in hepatic fibrosis (Frebourg et al.,1986 ), a reduction in the 



degradation of HA in hepatic sinusoidal endothelial cells (Engstrom-

Laurent A, et al., 1985) or both. In chronic hepatitis C, serum HA levels 

increase in correlation with the extent of liver fibrosis. These findings suggest 

that the serum HA level could be used as a non-invasive index of the extent 

of fibrosis in chronic hepatitis C and as a significant monitoring marker of 

fibrosis after IFN-a treatment. Hyaluronic acid is a polysaccharide present in 

ECM and elevated in serum in patients with hepatic fibrosis (Rudolf E 

Stauber and Carolin Lackner., 2007). The diagnostic accuracy of HA was 

found to be superior to that of procollagen type ⅢN-terminal peptide 

(PⅢNP) (Guechot J et al., 1996) and its diagnostic accuracy was confirmed 

in a large study of 486 HCV patients (McHutchison et al., 2000). HA was 

also found to be an accurate marker of severe hepatic fibrosis in nonalcoholic 

fatty liver disease (Suzuki A et al., 2005). 

Serum HA levels can be elevated in various liver diseases 

characterized by liver fibrosis and cirrhosis, due to decreased hepatic removal 

and/or increased hepatic production of HA during liver inflammation 

(Engstrom-Laurent et al., 1985 and Freborug et al., 1986). Increased HA 

levels have shown a better correlation with the degree of histopathological 

damage to the liver than conventional liver function tests including 

ALT/AST, alkaline phosphatase and bilirubin (Nyberg, et al., 1988 and 

Wong et al., 1998 ). It has been proposed that the determination of serum 

HA levels may be useful in distinguishing cirrhotic from non-cirrhotic liver, 

for assessing the degree of liver fibrosis, and for monitoring liver function 

(McHutchison et al., 2000 and Guechot et al., 2000). Similar correlation 

has been found in patients with alcoholic cirrhosis (Tran et al., 2000) and 

primary biliary cirrhosis (Nyberg, et al 1988). HA levels have also been 

shown to be an early marker of liver damage from toxic agents such as 

ethanol, acetaminophen, and bacterial lipopolysaccharide, as bacteriological 

changes of the SEC in response to these agents precede pathological changes 

of the hepatocytes (Deaciuc and Spitzer, 1996). 



III-Materials and Methods 

1. Samples 

1.1. Blood samples 

A total of 118 consecutive Egyptian individuals (60 males and 58 

females aged 21-73 years) with clinically and laboratory confirmed chronic 

hepatitis C ( CHC) were included in the present study; other causes of 

chronic liver disease were ruled out. They were recruited from the Internal 

Medicine Department, Mansoura University Hospitals, Mansoura, Egypt that 

approved the present study. An informed consent was obtained from each 

individual participated in the present study and all were fully informed 

concerning the nature of the disease and the diagnostic procedures involved. 

No patient had received interferon treatment before liver biopsy and blood 

collection. Patients with reduced production of platelets other than hepatic 

infection with HCV such as infection of typhoid, deficiency of vitamin B12 

and leukemia were excluded from the study. The HCV infection was 

diagnosed based on biochemical, serologic and histological criteria. None of 

the patients had history of habitual alcohol consumption or hepatocellular 

carcinoma. Moreover, all individuals were positive for anti-HCV antibody 

and were negative for hepatitis A and B viruses testing. All patients were 

negative test for anti-HIV antibodies. In addition to 50 samples were 

obtained from healthy individuals.  

Blood samples were collected from all patients by vein-puncture 

within 2 weeks of liver biopsy and a part of the blood was treated 

immediately with EDTA-K2 for platelets count. Sera were separated from the 

rest of blood samples and tested fresh for liver function indexes. 

Routine blood pictures including platelet counting were determined 

by KX-21 Sysmes automated hematology analyzer (Sysmes corporation, 

Japan). 



1.2. Liver biopsy and blood collection 

Needle liver biopsy specimens (n = 118) were taken from the patients 

and examined by a pathologist unaware of the laboratory results. Biopsies 

were processed for diagnostic purposes. Fixed in 10% neutral buffered 

formalin, embedded in paraffin, cut into 4 µm thick, routinely stained with 

hematoxyline and eosin. 

2. Biochemical determination of liver function tests: 

Sera were processed for the biochemical analysis of albumin, 

bilirubin, aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT) according to the manufacture instructions. All serum and tissue 

samples were obtained with informed consent.  

The AST-ALT ratio was calculated as [AST/ ALT]. The APRI was 

calculated as [AST/ (upper limits of normal) / platelets count 10
9
/L]×100. 

2.1. Determination of Serum AST and ALT:  

The assay of these liver enzymes was carried out according to 

Reitman and Frankel. (1957) using transaminases kit (BioMerieux, 6280 

Marcy).  

a) Principle.  

Colorimetric assay of ALT or AST activities were carried out 

according to the following reaction: as shown in equation,  

Alanine + α- ketoglutarate                                     pyruvate + glutamate 

Aspartate + α- ketoglutarate                                   oxaloacetate + glutamate 

The pyruvate or oxaloacetate formed was measured in its derivative from 2,4 

dinitrophenylhydrazone. 

b) Reagents 

1. AST substrate: This reagent consists of 85 mmol/phosphate buffer 

pH 7.5; to this solution aspartate and α-ketoglutarate were added in a 

concentration of 200 mmol/l and 2 mmol/l, respectively. 



2. ALT substrsate: This reagent consists of 95 mmol/l phosphate buffer 

pH 7.5; to this solution alanine and α-ketoglutarate were added in a 

concentrations of 200 mmol/l and 2 mmol/l, respectively. 

3. Color reagent: A solution of 1 mmol/l of 2,4 dinitrophenyl 

hydrazine.   

4. Standard: Stock standard of 2 mmol/l of sodium pyruvate was 

prepared. 

5. NaOH (0.4 N): 16 gm of NaOH were dissolved in 1L of distilled 

water.  

c) Procedure:  

           Into two tubes, 1 ml of ALT or AST substrate was added and the tubes 

were incubated for 5 minutes at 37˚ C. To each tube, 0.2 ml of serum sample 

was added, the tubes were mixed and incubated at 37˚ C for 30 minutes in 

case of ALT and 1 hour in case of AST. For both tubes, 1ml of color reagent 

was added and the tubes were mixed and allowed to stand at room 

temperature for 20 minutes. Aliquot of 10 ml of 0.4 N NaOH were then 

added and allowed to stand at room temperature for 5 minutes, the 

absorbance of the colored solution was read for each tube at 505 nm using 

distilled water as a blank. Then the activities of serum ALT or AST (units/ 

ml) were calculated using absorption tables at 505 nm wavelength (Table 3 

and 4).  

 

 

 

 

 

 

 



Table 3. Absorbances (Abs) for ALT 

Wavelength (505 nm) 

Abs Units/ml Abs Units/ml 

0.230 0 0.395 57 

0.240 3 0.400 60 

0.250 6 0.405 62 

0.260 9 0.410 65 

0.270 11 0.415 68 

0.280 14 0.420 71 

0.290 17 0.425 74 

0.300 20 0.430 77 

0.310 23 0.435 80 

0.320 26 0.440 83 

0.330 30 0.445 86 

0.340 34 0.450 90 

0.350 37 0.455 94 

0.360 40 0.460 98 

0.365 43 0.465 102 

0.370 45 0.470 106 

0.375 47 0.475 112 

0.380 50 0.480 118 

0.385 52 0.485 122 

0.390 55 0.490 126 

 

 

 

 



 

Table 4. Absorbances (Abs) for AST 

Wavelength (505 nm) 

Abs Units / ml Abs Units / ml 

0.230 0 0.395 65 

0.240 3 0.400 68 

0.250 6 0.405 70 

0.260 9 0.410 73 

0.270 13 0.415 75 

0.280 16 0.420 78 

0.290 20 0.425 81 

0.300 24 0.430 84 

0.310 27 0.435 87 

0.320 31 0.440 90 

0.330 35 0.445 93 

0.340 39 0.450 97 

0.350 43 0.455 101 

0.360 47 0.460 105 

0.365 50 0.465 109 

0.370 52 0.470 114 

0.375 55 0.475 121 

0.380 58 0.480 128 

0.385 60 0.485 139 

0.390 63 0.490 150 

 

 

 



2.2. Determination of serum albumin:  

  Albumin in sera of the patients was carried out using albumin kit 

(BioMerieux 69280 Marcy- 1 Etoile/ France). 

Principle 

       Colorimetric determination of serum albumin using bromocresol green 

(BCG) at pH 4.2. 

 Reagents: 

Reagent Concentration 

Bovine serum albumin                  5 gm/100 ml 

Color reagent (Bromocresol green)  0.14 g/L 

Succinate buffer, pH 4.2  75 mmol/L 

Brij 35  7 ml/L 

Sodium merthiolate  0.01% 

 

Procedure: 

      Aliquot of 0.02 ml of serum sample were added to 5 ml of color reagent, 

and the tube was then mixed well. The absorbance was measured after 5 

minutes at 628 nm. Also, 0.02 ml of standard was tested in parallel. Color 

reagent alone was used as a blank. 

Calculation:  

                                                              A sample

Albumin conc. (gm/100 ml)   =                      X 5.0 

                                                           A standard             
 

 



2.3. Determination of serum bilirubin: 

        Serum bilirubin was determined using (BIL- T-MPR 3 Bilirubin 

123927, Roche Kit) 

Principle: 

Total bilirubin is determined by a coupling reaction with diazotized 

sulphanilic acid, in the presence of caffeine to give an azo dye. The same 

reaction is used to measure direct bilirubin, but in the absence of caffeine.  

Reagents:
 

Reagent Concentration 

Reagent 1 (Sulphanilic acid) 29 mmol/L 

Reagent 2 (Sodium nitrite) 25.0 mmol/L 

Reagent 3  (Caffeine) 0.26 mol/L 

Reagent 4 (Tartarate) 0.93 mol/L 

Procedure:  

     The following reagents were aliquoted into clean and dry test tubes: 

 Additions 

Assay 

Sample blank Sample 

Reagent 1 100 µl 100 µl 

Reagent 2 - 25 µl 

Reagent 3 500 µl 500 µl 

Sample 100 µl 100 µl 

Reagent 4 500 µl 500 µl 

 After addition, the reagents were  mixed well and  after 5 minute the 

absorbance of sample (ASample) was read at 578 nm against the sample blank 

tube. 



Calculation:       Total bilirubin (mg %) = (A Sample) X 10.8  

3. Protein content determination  

The protein content of the antigenic solutions was measured 

colorimetrically using the method of (Lowry et al., 1951). The colorimetric 

quantitation of protein by use of the Folin - Ciocalteu reagent depends on the 

tryptophan contents of the protein. The intensity of color development, 

therefore, may vary with different proteins and it is essential that a calibration 

curve based on nitrogen analysis be established for the protein under 

investigation. 

Equipment 

 * Spectrophotometer, 960, (Metretech Inc, USA). 

 * Automatic pipettes (Human, Japan)  

 * Electric balance (Ohaus,USA) 

 * Vortex mixer (Scientific Industries, China).  

Reagents and buffers 

1) Working solution  

         The following 2 stock solutions were prepared:  

Solution (1): 2 % Sodium carbonate (Na2CO3) (ADWIC) in 0.1 N Sodium 

hydroxide (ADWIC).      

    Solution (2): 0.5 % Copper sulfate (CuSO45H2O) (ADWIC) in 1% Sodium 

potassium tartarate (ADWIC) then, mix 98 ml of solution (1) 

with 2 ml of solution (2).  

2) Standard protein solution  

 Serial concentrations of bovine serum albumin (BSA) (Sigma 

Chemical Co., St. Louis, Missouri, USA), from 0.5 to 4.000 mg /ml of 

phosphate buffered saline (PBS), pH 7.2, were used to establish the 

standard calibration curve. 

 



3) Blank solution  

           0.1 M PBS (pH 7.2): was used as a blank solution. It prepared by   

dissolving the following components in 1L distilled H2O (7.4 gm NaCl + 

0.51 gm  NaH2PO4. 2H2O + 1.8 gm Na2HPO4).  Adjust the pH to the desired 

value by using concentrated HCl. 

4) Folin Ciocalteu’s reagent (1N)  

 2 N Folin reagent  (Sigma) was diluted (V/V) using distilled H2O before use. 

Procedure   

The antigenic solutions (20 l) were added separately per 100 l of 

working solution (standard protein was tested in parallel). Samples were 

mixed well using a vortex mixer and allowed to stand at room temperature 

for 10 min. Aliquots of 10 l of 1N Folin and Ciocalteu‟s reagent were added 

to each tube then the contents were mixed well using the vortex and allowed 

to stand at room temperature for 30 min. A blue color was developed and the 

absorbance value was read at 490 nm using ELISA reader. A standard 

calibration curve was plotted using serial concentration of the standard BSA 

protein. The unknown concentrations of the antigenic solutions were 

determined from the curve,  Figure 9.  

 

Concentration of 

BSA  (mg/ml) 
0.5 1 2 3 4 5 6 

Absorbance 0.08 0.16 0.33 0.48 0.63 0.74 0.83 

 



 

 

Figure  9: Standard calibration curve of bovine serum albumin 

 

 

 

 

 

 

 

 

 

 



4. Sodium dodocyl sulphate-polyacrylamide gel electrophoresis 

(SDS-PAGE)  

 Serum samples at 20 µg/lane were separated by sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according to 

(Laemmli, 1970).  

A) Electrophoresis of proteins 

Equipment 

A- Dual minigel unit (Hoefer Scientific, USA) containing:  

 1) Glass plates (8.2 cm  10.2 cm).  

 2) Plastic spacers (0.75 mm thickness). 

 3) Plastic combs (10 wells, 0.75 mm thickness).  

 4) Inner cooling core.  

 5) Clamp assemblies.  

 6) Lower buffer chamber.  

 7) Electrodes.  

B- Power supply (Hoefer Scientific, USA):  

Reagent and Buffers  

- Gel acrylamide stock solution (30%): 29.2 gm acrylamide + 0.8 gm 

N, N-methylene bis - acrylamide (Sigma).  

-Sodium dodecyl sulfate (SDS) stock solution: 10% SDS (Sigma). 

- Resolving buffer: 0.03 M Tris-HCl, pH 8.3 (Sigma).  

- Stacking buffer: 0.65 M Tris-HCl, pH 6.8 (Sigma).  

- Tetramethylene diamine (TEMED), (Sigma).  

- Ammonium persulfate (Sigma).  

- Resolution buffer, pH 8.3: 0.192 M glycine, 0.02M Tris and 0.1% 

SDS. 

- Sample buffer: 20% of 0.5 Tris - HCl, pH 8.6 + 20% of  glycerol 

(50%) + 5% SDS (10%) + 5% of  bromophenol blue (1 %). 



 

- Molecular weight markers (Sigma) include:  

Myosin (215.0 kDa), phosphorylase B (120.0 kDa), Bovine serum 

albumin  

(84.0 kDa), Ovalbumin (60.0 kDa), carbonic anhydrase (39.2 kDa), 

trypsin inhibitor (28.0 kDa), and lysozyme (18.3 kDa). 

Procedure:  

1. Preparation of resolving gel (12%)  

A. Glass-plate sandwich was assembled using two clean glass plates and 

two 0.75 mm spacers.  

      B. The resolving (separating) gel was prepared by mixing the following: 

  * 1.675 ml  Distilled water.  

  * 1.25 ml  Resolving buffer.  

  * 2.00 ml  Acrylamide monomer.  

  * 50 l  10% SDS.  

  * 25 l  10% ammonium persulfate.  

  * 2.5 l TEMED 

   C. The gel was poured between the glass plates immediately the gel top 

was carefully covered with 1cm of distilled water, then the gel was kept 

at room temperature for about 15 min to polymerize.  

2. Preparation of stacking gel (4%) 

   A- The staking gel was prepared by mixing the followings:  

 * 1.224 ml distilled water.  

 * 0.5 ml stacking buffer.  

 * 0.26 ml acrylamide monomer  . 

 * 20 l 10% SDS.  

 * 10l 10% ammonium persulfate.  



 * 2 l TEMED.  

   B-The water layer was poured off above the polymerized resolving gel and 

rinsed with few milliliters of stacking gel solution. The comb was 

aligned in the proper position then the stacking gel solution was added 

up to 2 mm from the top edge of the resolving gel.  

   C- Resolving gel solution was left for polymerization for about 15 min at 

room temprature.  

3- Sample preparation  

Serum samples at 20 µg/lane were mixed with sample buffer. The 

mixture was then boiled in water bath for 2 min. The mixture was then 

applied to the gel wells.  

4- Running condition  

 Electrophoresis was carried out with constant volt of 200 volt. The 

run was terminated when the bromophenol blue marker reach to the bottom 

of the gel.  

B) Staining of proteins  

 The separated proteins on polyacrylamide gel stained with coomassie 

blue  R-250. Coomassie Blue staining requires an acidic medium for the 

generation of an electrostatic attraction between the dye molecules and the 

amino groups of the proteins. This ionic attraction, together with van der 

Waals forces, binds the dye-protein complex together. The binding is fully 

reversible by dilution under appropriate conditions. Coomassie stains give a 

linear response up to 20 mg/cm. however, the relationship between stain 

density and protein concentration varies for each protein (Andrews, 1986). 

Reagents  

 - Coomassie blue R-250 (Sigma).  

 - Absolute methanol (BDH).  

 - Acetic acid (ADWIC). 



Staining solution 

0.2 gm Coomassie blue R-250 was dissolved in a mixture of 80 ml of  

40% methanol and 20 ml of 10 % acetic acid.   

 

Destaining solution 

  40 % methanol + 10 % acetic acid. 

Procedure  

 The electrophoresis gel was soaked in excess of staining solution for 

30 min with constant shaking. The gel was rinsed with distilled H2O and 

destained with excess amount of destaining solution for several times with 

constant shaking until the excess stain was satisfactorily removed. 

 5. Immunoblotting Technique (Western Blot)  

In order to determine the collagen III in serum samples of fibrotic 

liver patients, the separated serum proteins by SDS-PAGE were transferred 

from the polyacrylamide gel to nitrocellulose (NC) sheet according to the 

method of (Towbin et al., 1979).  

A) Electroblotting 

Equipment and materials  

-Blotting apparatus (Hoefer, Scientific, USA).  

-Nitrocellulose filter (0.45m) (Sigma,USA).  

Procedure  

 The gel, nitrocellulose sheets, sponge sheets and Whitman filter 

papers were equilibrated for 15 min in transfer buffer pH, 8.3 (1.44 gm 

glycine + 0.303 gm Trisma base in 20% absolute methanol). The blotting 

sandwich was assembled within the blotting cassette. The cassette was 

inserted into blotting (transfer) buffer and the power supply was connected, 

as the cathode should be on the gel side. The blotting was carried out with 

constant voltage of 60 volt for 2 hours, Figure 10.  



  



 

 

 

 

 

 

Figure 10: The blotting sandwich of western blot  (Towbin et al., 1979). 



B) Immunostaining using collagen III polyclonal antibody (poAb): 

Reagents and buffers 

1- Tris buffered saline (TBS), pH 7.4  

 12.11 gm trisma base + 11.688 gm Sodium chloride were dissolved 

in 800 ml distilled water and the pH was adjusted to 7.4 using HCl. 

Then, the volume was completed to one liter with distilled water. 

2- Blocking buffer  

 5% (W/V) dry non-fat milk: 5 gm non-fat milk were dissolved in 

0.05 M tris buffer, containing 0.15 M NaCl (TBS), pH 7.4. 

3- Antigen 

Serum samples from selected liver fibrosis patients associated with 

chronic hepatitis C and normal individuals as negative controls. 

4- Primary antibody  

An IgG polyclonal antibody (collagen III poAb) was diluted 1:200 

in blocking buffer. 

5- Secondary antibody  

 Anti-rabbit IgG alkaline phosphatase conjugate (Sigma) was 

prepared in TBS, pH 7.4 in a dilution 1: 300.  

6- Alkaline phosphatase substrate (BCIP/NBT)  

Premixed 5-Bromo-9-Chloro-3-Indolyl Phosphate (BCIP) / Nitro 

blue tetra-zolium (NBT), system pH 9.5 (ABC Diagnostics, New 

Damietta City, Egypt.)  

Procedure  

NC filter was blocked in blocking buffer. The NC filter was then 

rinsed in TBS and incubated with collagen III poAb with constant shaking 

overnight then washed in TBS three times, 10 min each. The NC filter was 

incubated with goat anti-rabbit  IgG alkaline phosphatase conjugate, for 2 

hours with dilution of     (1: 300) followed by washing in TBS as mentioned 



before. The target antigen for collagen III poAb was visualized by incubating 

the NC filter in substrate solution (BCIP/NBT) system. Then the reaction was 

stopped by distilled water.  

C) Molecular weight determination  

 The migration distances traveled by each protein starting from the top 

of resolving gel when divided by the distance traveled by the tracking dye 

gave relative mobility of the protein which known as (Rf). The standard 

molecular weight were plotted in terms of their Rf values, then Rf of the 

unknown protein was calculated and its molecular weight was determined 

from the blotted linear calibration figure.  

 

 

   

6. Purification of the collagen III (70 kDa) from serum 

samples of patients with liver fibrosis   

A. Preparative gel electrophoresis 

The analytical SDS-PAGE can be adapted for preparative purposes by 

increasing the thickness of gel. Preparative gels would ideally be capable of 

yielding high individual proteins recovered from corresponding analytical 

gels (Garfin, 1990). 

1. Equipments & Reagents  

The same as described under SDS-PAGE section except the use of 

plastic spacers (1.5 mm) to increase gel thickness. 

Procedure  

The same as described in analytical SDS-PAGE. 

B. Electroelution 

 Electrophoretic separation of proteins in various types of 

polyacrylamide gels is employed from the analytical to the preparative scale. 

     Migrated distance of protein 

Migrated distance of dye 

 

 

Rf = 



After separation, it is frequently necessary to extract or elute specific protein 

from the gel for further study. Electroelution is more controlled than diffusive 

elution and can be  

performed either during or after electrophoresis (Dunbar, 1990). 

Equipment 

- Power supply (Sigma, USA)  

- Electroeluter unit (HYBAID) 

- Dialysis sacks (Sigma) 

Molecular weight 
 

: 12 – 14 kDa 

Flat width : 35 mm 

Inflat diameter : 31 mm 

Length : 30 mm 

 

Buffers and reagents 

- Electroelution Buffer: 0.191 M glycine, 0.024 M Tris and 0.003 M SDS 

(Sigma). 

- Trichloroacetic acid 40 %  (sigma) 

- Diethyl ether (BDH) 

- 0.01 M (PBS), pH 7.2  

Procedure 

 A strip at one side of the electrophoresis preparative gel was cut and 

stained with Commie Brilliant Blue R - 250 as described before. After 

staining the strip is placed beside the unstained preparative gel and a band 

containing the wanted antigen was cut. The unstained strip containing the 

desired antigen was placed in a dialysis membrane with sufficient 

electroelution buffer volume and the antigen was  eluted from the gel by 

electroelution with a constant volt of 200 volt for 3 hrs. 



C. Dialysis against phosphate buffered saline 

 Electroeluted antigen from serum samples of fibrotic liver patients 

with chronic hepatitis C were dialysed against one liter of phosphate buffered 

saline (PBS), pH 7.2 overnight at 4 C with constant stirring. 

D. Pre-concentration of the purified collagen III 

After the dialysis step, the electroeluted collagen III was concentrated 

using 50 ml of polyethylene glycol for 1 hour at room temperature. For 

further concentration the antigens were precipitated using 40% TCA final 

concentration (V/V) centrifuged at 6500 Xg for 15 min. The precipitates were 

washed twice using diethyl ether to remove the execs of TCA. The excess 

diethyl ether was removed by drying and the pellet was reconstituted in PBS, 

pH 7.2 and stored at -20° C until used. 

7. Enzyme linked Immuno-Sorbent Assay (ELISA): 

ELISA forms the backbone of diagnostic techniques (Crowther, 

1998). ELISA depends mainly on the ability of antigen to bind to inert 

surfaces forming an immunoadsorbent for the following attachement of 

specific antibodies. The latter are measured through their reaction with an 

enzyme labeled anti-species immunoglobulin. The substrate was then added 

which react (break down) with enzyme. The end product of this reaction was 

coloured which could be assayed photometrically at appropriate wave length 

(Voller et al., 1978). 

Reagents and Buffers for ELISA technique: 

1. Microtitration plates: 

Polystyrene flat bottom microtitration plates, 96 wells (Costar, USA) 

was used to perform the  ELISA technique. 

2. Coating buffer (0.1 M Carbonate / Bicarbonate buffer pH 9.6): 



      Dissolve 0.303 gm sodium carbonate Na2CO3 (ADWIC), and 0.588 

gm sodium bicarbonate NaHCO3 (ADWIC) was dissolved in 100 ml distilled 

water, then the pH was adjusted to 9.6. 

  3. Samples:   

Sera were diluted 1:10 in coating buffer (pH 9.6), was tested (50 µl 

per well) for collagen III.  

 

4. Washing buffer (0.05% Phosphate-buffered saline Tween 20 (PBS 

T20) pH 7.2):   

      1.18 gm disodiume hydrogen phosphate (Na2HPO4), 0.52 gm sodium 

dihydrogen phosphate (NaH2PO4), 7.41 gm sodium Chloride (NaCl), 1 gm 

sodium azide  (NaN3) were dissolved in one liter of dist. H2O, containing 

0.05% Tween 20. 

5. Blocking buffer (0.5% Bovine serum albumin): 

0.5 gm Bovine serum albumin (Sigma) was dissolved in 100 ml 

coating buffer ( pH 9.6).  

6. Primary antibody:  

      Collagen III polyclonal IgG antibody was kindly provided by Prof. 

Dr. Abdelfattah M. Attallah, Director of Biotechnology Research Center, 

New Damietta City, Egypt. This antibody was diluted 1: 150 in PBS T20.  

7. Secondary antibody: 

Anti-rabbit IgG alkaline phosphatase (Whole molecule, Sigma) 

conjugate was diluted 1:400 in PBS-T20 containing 0.2% BSA . 

8. Remixed alkaline phosphatase substrate (ABC Diagnositics, New 

Damietta). 

Assay Procedure: 

Diluted serum samples (1:10) in coating buffer (pH 9.6), was tested 

(50-µl per well) for collagen III. In brief, coated ELISA plate was sealed with 



an acetate plate sealer and incubated overnight at 2-8 ºC. After blocking of 

free binding sites, specific polyclonal antibody diluted in PBS-T20 was 

added (50 µl per well) and incubated at 37 ºC for 2 h. After washing, 50 

µl/well of anti-rabbit IgG alkaline phosphatase conjugate diluted in 0.2% 

(w/v) BSA in PBS-T20, was added and incubated at 37 °C for 1 hr. The 

amount of coupled conjugate was determined by incubation with substrate for 

30 min at 37 °C. The reaction was stopped and the absorbance of each well 

was read at 490 nm using ELISA reader (Σ960 Metretech , Germany).  

Dose curve of collagen

Serial concentrations of purified collagen III were tested in parallel to 

establish a dose-response curve as a function of the concentration in serum 

samples using ELISA and collagen III polyclonal antibody. The dose  curve 

was plotted  using millimeter paper reporting the optical densities of collagen 

III on Y-axis and the corresponding concentration of purified collagen III on 

X-axis. The concentration of each unknown samples was determined by 

interpolation from the dose-response curve. 

Determination of cutoff level of ELISA 

The cutoff level of ELISA above or below which the tested sample is 

considered positive or negative was calculated as the mean ELISA 

concentration of 20 serum samples from healthy volunteers + 3 standard 

deviation. 

 8. Radioimmunoassay 

 8.1. Estimation of hyaluronic acid concentration 

a)- Principle 

Pharmacia hyaluronic acid (HA) test was a radiometric assay. The test 

is based on the use of specific hyaluronic acid binding proteins (HABP), 

isolated from bovine cartilage. HA in the patient
, 
s sample reacts with 

125
I-

labelled HABP in solution. The unbounded HABP-
125

I was then quantitated 



by incubating with HA covalently coupled to sepharose particles of small 

size and low density. Separation was performed by centrifugation followed 

by decantation. The radioactivity bound to the particles was measured in a 

gamma counter and the response was inversely proportional to the 

concentration of HA in the sample 

b)- Reagents 

Each package of Pharmacia HA test had the following reagents which 

were sufficient for 50 tubes. The reagents, their preparation and storage were 

listed in. 

Reagents Package Preparation and storage 

HA standard of 0.5 ml each 

10, 25, 75, 200 and 500µg/l 

5 vials Ready for use, 2-8 
0
C until 

expiry date 

Standard zero of 6 ml  

(also, samples diluents) 

1 vial Ready for use, 2-8 
0
C until 

expiry date 

HABP-
125

I,  200Kbq=5µci, 

0.5 ml 

1 vial Diluted 1:30 in tracer diluent 

before use should be 

prepared weekly 

Tracer diluents (blue) 1 vial Ready for use, 2-8 
0
C until 

expiry date 

HA-sepharose (yellow),6ml 1 vial Ready for use, 2-8 
0
C until 

expiry date 

Decanting suspension, 220ml 1 bottle Ready for use, 2-8 
0
C until 

expiry date 

 

c)-Test procedure 

Each determination was carried out in dublicate for both standards and 

unknowns. A standard curve for each run was prepared. The following 

working steps were performed, Figure 11: 



- 100 µl of standard and unknown samples were pipette into the 

corresponding tubes. 

- 200  µl of HABP-
125

I solution were added. For additional information 

of test performance, the total activity was determined by pipetting 200 

µl of HABP-
125

I to two extra tubes. 

- The reaction system was incubated for at least 60 min. at 4-20 
0
C. 

- 100 µl of HA- sepharose, which was thoroughly resuspended before 

use, were added. 

- The system was incubated again for 45 min. but not more than 60 

min. at 4-20 
0
C 

- Two ml of decanting suspension which must be shaken to make a 

homogenous suspension were added. 

- The tubes were centrifuged for 10 min. at 1500×g  using cooling 

centrifuge. 

- The tubes were decanted and the radioactivity of the firmly packed 

precipitate was measured in a gamma counter. 

d)- Calculations of the results:   

1- The counts (B) for standards and unknowns were expressed as a 

percentage of the mean counts of the zero standard (B0). 

% activity bound = B/Bo × 100 

2- The percentage values of the standards were plotted against the 

concentration on a semi-logarithmic paper 

3- The standard curve was plotted and the concentrations of the 

unknown samples were read automatically by using gamma counter. 

e)- quality control 

Both normal and pathological values were used to assure the day-to-

day validity of the results. 

f)- Detection limits 

The detection limit was < 5 µg/l  



g)-Interferences 

These was no measurable interference of chondrotin sulphate at 

concentrations ≤ 100mg/l, keratin sulphate at concentrations ≤50mg/l 

or fibronectin at concentrations ≤ 500mg/L. 

  



 

Figure 11: Hyaluronic acid standard curve showing the log of its 

concentration (Log HA) against their respective percent bound 

compared 100% reference (% B/ Ref).   



9. Statistical Analysis 

All statistical analyses were done by a statistical software package 

“SPSS 12.0 for Microsoft Windows, SPSS Inc.) and considered statistically 

significant at a two-sided P < 0.05. Numerical data were expressed as mean ± 

SD. The levels of markers were analyzed by t-test which used for 

comparisons between independent groups. To assess and compare the 

diagnostic accuracy of biomarkers for discriminating patients with chronic 

liver diseased, we plotted receiver-operating characteristic (ROC) curves. 

The diagnostic sensitivity, specificity, efficiency, and positive predictive 

(PPV) and negative predictive (NPV) values were calculated as following: 

Reference 

Test 

Evaluated test Total 

+ ve - ve 

+ ve True + ve (a) False –ve (c) a + c 

- ve False + ve (b) True -ve (d) b + d 

Total a + b c + d a + b + c + d 

Where: 

Sensitivity: Sensitivity defined  as  the  capacity  of  a certain  technique  of  

detecting  the greatest number of individuals truly sick.  

Sensitivity = a / (a +c)  100. 

Specificity: Specificity is the  capacity of the test being always negative in 

the absence of the disease, not offering false-positive results.  

         Specificity = d / (b + d) 100.  

         Efficiency = (a + d)/(a + b + c + d) 100.  

         Positive predictive value = a / (a +b) 100.  

         Negative predictive value = d / (c +d) 100. 



IV. Results 

Part (1) 

1. Demographic data of selected patients and controls: 

Selected serum samples from 118 liver fibrosis patients associated 

with chronic HCV infection 60 males and 58 females (aged 21 to 73 years, 

mean age 46.1±10.44) and 50 age matched healthy volunteers (27 males and 

23 females) were included in the present study. No statistically significant 

difference was found between sex distribution in liver fibrosis patients and 

healthy volunteers. Age range distribution and sex distribution of 118 fibrotic 

liver patients and 50 healthy volunteers are shown in Table 5.  

All 118 liver fibrosis patients were diagnosed based on biochemical, 

serologic and histological criteria. Liver fibrosis patients was diagnosed on a 

positive for anti-HCV antibody test. Where all 50 healthy volunteers were 

negative for anti-HCV antibody test. 

 

 

 

 

 

 

 

 

 



 

Table 5. Age distribution of liver fibrosis patients and healthy 

volunteers. 

Age (years) 

healthy volunteers 

(n=50) 

No (%) 

liver fibrosis patients 

(n=118) 

No (%) 

20-30 20 (40%) 9 (7.6%) 

31-40 14 (28%) 34 (28.8%) 

41-50 8 (16%) 38 (32.3%) 

51-60 7 (14%) 28 (23.7%) 

61-70 1 (2%) 9 (7.6%) 

Mean±SD * 33.3±11.13 46.09±10.44 

  * Mean± standard deviations (years)  



2. Diagnostic value of laboratory biomarkers for accurate 

diagnosis of liver fibrosis patients: 

The distribution of all evaluated laboratory biomarkers [AST, ALT,  

Albumin, Billirubin, platelet count, AST/ALT ratio, and APRI (AST/platelet 

count ratio index)] differed significantly [there were statistically extremely 

significant difference between median of ALT, platelets counts and APRI of 

liver fibrosis patients associated with chronic HCV infection and healthy 

volunteers (p<0.0001). However; there were a statistically very significant 

difference between median of AST, bilirubin, albumin and AST/ALT ratio of 

liver fibrosis patients and healthy volunteers (p<0.001)], Table 6.  

Box plot representing the relation between the pathological diagnosis 

and laboratory biomarkers values. The box plot represents the interquartile 

range, the whiskers indicate the highest and lowest values, and the line across 

the box indicates the median value. Overall significance of differences 

among the liver fibrosis patients and healthy volunteers was determined by t-

test for laboratory biomarkers (P<0.001 – P<0.0001), Figures (12-18). 

 

 

 

 

 

 

 



Table 6. Comparison between laboratory biomarkers of liver fibrosis 

patients associated with chronic HCV infection (n=118) and healthy 

volunteers (n=50): 

Biomarkers 
Healthy 

volunteers 

Liver fibrosis 

patients  
P 

value** 

Albumin 

(g/L)*

Median 41 39 

<0.001 Maximum 44 45 

Minimum 38 31 

Platelet 

count 

(× 10
9
/L) 

Median 272.5 167 

<0.0001 Maximum 350 360 

Minimum 160 100 

AST (U/ml) 

Median 36 54 

<0.001 Maximum 40 194 

Minimum 25 15 

ALT (U/ml) 

Median 35.5 51 

<0.0001 Maximum 44 120 

Minimum 25 14 

 AST/ALT 

ratio 

Median 0.900 0.986 

<0.001 Maximum 1.5 5.7 

Minimum 0.63 0.51 

APRI*** 

Median 0.34 0.86 

<0.0001 Maximum 0.53 2.77 

Minimum 0.21 0.11 

Bilirubin 

mg % 

Median 0.71 2.5 

<0.001 Maximum 0.84 3.2 

Minimum 0.26 0.7 

* Normal values: 

Albumin 38-54 g/L; Aspartate aminotransferase (AST) up to 40 U/ml; 

Alanine aminotransferase (ALT) up to 45 U/ml; Platelets count 150-400 (× 

10
9
/L) and Bilirubin up to 1 mg %. 

** APRI: [(AST/ 40) / platelets count 10
9
/L]×100. 

*** P >  0.05 is considered not significant. 

       P < 0.05 considered significant. 

       P < 0.001 considered very significant. 

      P < 0.0001 is considered extremely significant 



 

 

Figure 12. Box plots for level of albumin (g/L) in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Albumin (mg%) with respect to pathology. The box 

represents the interquartile range. The whiskers indicate the highest and 

lowest values, and the line across the box indicates the median value. Overall 

significance of differences among the two groups was determined by t-test 

for albumin. A significance differences (P<0.001) were shown between liver 

fibrosis patients and healthy volunteers.  

 

 

 

 



 

 

 

Figure 13. Box plots for level of platelets count in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Overall significance of differences among the two groups 

was determined by t-test for platelets count. A significance differences 

(P<0.0001) were shown between liver fibrosis patients and healthy 

volunteers. 

 

 

 

 



 

Figure 14. Box plots for level of AST (U/ml) in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Overall significance of differences among the two groups 

was determined by t-test for AST. A significance differences (P < 0.001) 

were shown between liver fibrosis patients and healthy volunteers. 

 

 

 

 

 



 

 

Figure 15: Box plots for level of ALT (U/ml) in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Overall significance of differences among the two groups 

was determined by t-test for ALT. A significance differences (P<0.0001) 

were shown between liver fibrosis patients and healthy volunteers. 

 

 



 

Figure 16: Box plots for level of billirubin (mg%) in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Overall significance of differences among the two groups 

was determined by t-test for billirubin. A significance differences (P<0.001) 

were shown between liver fibrosis patients and healthy volunteers. 

 

 



 

Figure 17: Box plots for level of AST/ALT in liver fibrosis patients 

associated with chronic HCV infection (CHC patients) (n= 118) and healthy 

volunteers (n= 50). Overall significance of differences among the two groups 

was determined by t-test for AST/ALT. A significance differences (P<0.001) 

were shown between fibrosis patients and healthy volunteers. 

 



 

Figure 18: Box plots for level of APRI (AST/Platelets Ratio Index) in liver 

fibrosis patients associated with chronic HCV infection (CHC patients) (n= 

118) and healthy volunteers (n= 50). Overall significance of differences 

among the two groups was determined by t-test for APRI. A significance 

differences (P<0.0001) were shown between fibrosis patients and healthy 

volunteers. 

 

 

 

 

 



Part (II) 

1. Identification and characterization of collagen III: 

1.1. Sodium Dodecyl Sulfate–Polyacrylamide Gel 

Electrophoresis (SDS-PAGE): 

Selected serum samples from patients with liver fibrosis associated 

with chronic HCV infection and healthy volunteers were analyzed by 12 % 

one-dimensional SDS-PAGE. The purpose of this method is to separate 

proteins according to their size, and no other physical feature. To separate 

many different protein molecules of a variety of shapes and sizes, firstly want 

to get them to be linear. Sodium dodecyl sulfate is a detergent (soap) that can 

dissolve hydrophobic molecules but also has a negative charge (sulfate) 

attached to it. Therefore, the proteins will be soluablized by the detergent, 

plus all the proteins will be covered with many negative charges. If the 

proteins are denatured and put into an electric field, they will all move 

towards the positive pole at the different rate according to its size by using 

polyacrylamide gel. When this polymer is formed, it turns into a gel and by 

using electricity the proteins will pull through the gel. Serum samples at 25 

µg/ lane were loaded per well and electrophoresed under 200 volts for 45 

minutes. After running gel, stained with coomassie blue in order to examine 

the sizes and relative amounts of protein on gel. 

No specific band could be identified in SDS-PAGE polypeptide 

pattern of serum samples characteristic of collagen III and differentiate 

between serum samples of liver fibrosis patients and healthy volunteers, 

Figure 19. 

 1.2. Identification of collagen III using Western blot: 

The western blot is a method to detect a specific protein in a given 

sample of tissue homogenate or extract. It uses gel electrophoresis to separate 



native or denatured proteins by the length of the polypeptide (denaturing 

conditions) .The proteins are then transferred to a membrane (typically 

nitrocellulose )where they are probed (detected) using antibodies specific to 

the target protein. In order to make the proteins accessible to antibody 

detection, they are moved from within the gel onto a membrane made of 

nitrocellulose. The membrane is placed on top of the gel, and a stack of tissue 

papers placed on top of that. The entire stack is placed in a buffer solution 

which moves up the paper by capillary action, bringing the proteins with it. 

After transfer, the nitrocellulose is blocked with a protein containing solution 

in order to prevent nonspecific binding of a primary antibody (collagen III 

polyclonal antibody (poAb)). The location of the complexes is not yet visible; 

to make it visible a second antibody (anti-rabbit IgG alkaline phosphatase) is 

used that specifically recognizes collagen III poAb. This secondary antibody 

has a covalently attached enzyme that hydrolysis substrate. An intense sharp 

band in serum samples of liver fibrosis patients associated with chronic HCV 

infection at 70 kDa but no reaction was observed with healthy volunteer 

samples. The nitrocellulose membrane was visualized and photographed, 

Figure 20. 

1.3. Molecular weight determination of collagen III using 

western blot: 

Relative mobility (Rf) is the term used for the ratio of distance; a 

protein has traveled from its point of origin (top of the separating gel) relative 

to the distance traveled by the tracking dye (gel front). Linear calibration 

representing the relation between the log molecular weights of the standard 

protein mixture and their relative mobility was blotted, Table 7. The flow 

rate of the reactive band of collagen III was calculated and its molecular 

weight was determined from the linear calibration. The molecular weight of 

the target band corresponds to  70 kDa, Figure 21. 



 

 

 

 

 

 

Figure 19: Coomassie blue stained SDS-PAGE showing the polypeptide 

pattern of serum samples. Serum samples were loaded at 20µg/lane and 

electrophoresed for 45 minutes at 200 volts. Lanes 1-3: Sera of liver fibrosis 

patients associated with chronic HCV infection. Lanes 4-6: Sera of healthy 

volunteers. Molecular weight marker includes: Myosin (215.0 kDa), 

phosphorylase B, (120.0 kDa), Bovine serum albumin (84.0 kDa), 

Ovalbumin (60.0 kDa), carbonic anhydrase (39.2 kDa), trypsin inhibitor 

(28.0 kDa), and lysozyme (18.3 kDa). 

 

 



 

 

Figure 20:  Immunoblots of collagen III in sera of  liver fibrosis patients 

associated with chronic HCV infection and healthy volunteers. Serum 

samples at 20 µg/lane were resolved in 12 % SDS-PAGE and electroblotted 

on to nitrocellulose paper for 2 hours at 60 volts. Collagen III polyclonal 

antibody identified 70 kDa. Anti-rabbit IgG alkaline phosphatase was used as 

a conjugate. BCIP/NBT system was used to visualize the reaction.   

 Lanes 1-3: Sera of liver fibrosis patients associated with chronic HCV 

infection.  

Lanes 4-6: Sera of healthy volunteers.  

Molecular weight marker includes: Myosin (215.0 kDa), phosphorylase B, 

(120.0 kDa), Bovine serum albumin (84.0 kDa), Ovalbumin (60.0 kDa), 

carbonic anhydrase (39.2 kDa), trypsin inhibitor (28.0 kDa), and lysozyme 

(18.3 kDa). 



Table 7. Rf  values of collagen III and of standard proteins mixture. 

molecular weight * 
Log molecular 

weight 

Relative mobilties 

(Rf)** 

215.0 2.33 0.24 

120.0 2.07 0.32 

84.0 1.92 0.41 

60.0 1.77 0.52 

39.2 1.59 0.64 

28.0 1.44 0.79 

18.3 1.26 0.97 

Collagen (70 kDa) 1.85 0.48 

 

* Molecular weight marker includes: Myosin (215.0 kDa), phosphorylase 

B, (120.0 kDa), Bovine serum albumin (84.0 kDa), Ovalbumin (60.0 kDa), 

carbonic anhydrase (39.2 kDa), trypsin inhibitor (28.0 kDa), and lysozyme 

(18.3 kDa).      

** Rf = Migrated distance of protein / Migrated distance of dye 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 21. The calibration line of the standard molecular weights against 

their relative migrated distances (Rf). 

 



2. Purification of collagen III from preparative gel 

electrophoresis using electroelution technique 

Analytical SDS-PAGE can be adapted for preparative purposes by 

increasing gel thickness. Electroelution is more efficient than direct diffusion 

but requires specific electroelution devices and the eluted protein often needs 

further concentration and desalting. As in the diffusion method, collagen III 

are first separated by gel electrophoresis and the collagen III band of interest 

is excised from the gel. The target collagen III was purified from liver 

fibrosis patients associated with chronic HCV infection sera using 

electroelution technique from preparative slab gels. After dialysis, the 

electroeluted collagen III was concentrated using polyethylene glycol and 

40% trichloroacetic acid (TCA), then centrifuged at 10,000 rpm for 15 min. 

The precipitate was washed twice using diethyl ether, to remove the excess 

TCA. The excess diethyl ether was removed by gentle drying and the pellet 

was reconstituted in phosphate buffered saline (PBS, pH 7.2). The protein 

content of a sample of the electroeluted collagen III was determined before 

the remainder was stored at - 20 ˚C. The protein content of the 70 kDa 

collagen III was 500 µg/ml.  

Reactivity of the purified 70 kDa collagen III using ELISA  

The reactivity of 70 kDa purified collagen III towards collagen III 

polyclonal antibody was tested using ELISA. The Performance of ELISA is 

simple and requires only ordinary and inexpensive laboratory equipment. 70 

kDa purified collagen III was stuck onto the surface of ELISA plate; collagen 

III polyclonal antibody was added. Anti-rabitt IgG alkaline phosphatase was 

used as a secondary antibody and a positive reaction was detected by an 

enzyme-dependent color-change reaction. The 70 kDa purified collagen III 

showed high reactivity towards collagen III polyclonal antibody. Where 70 



kDa purified collagen III showed no reactivity towards serum of non-

immunized rabbit (used as negative control), Figure 22. 

 

 

Figure 22: Reactivity (mean optical density (O. D) at 490 nm) of the 70 kDa 

purified collagen III against collagen III polyclonal antibody using ELISA. 

The purified collagen III showed high reactivity towards collagen III 

polyclonal antibody. 

NRS: Normal Rabbit Serum.  
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3. Detection and quantitation of collagen III using ELISA 

The ELISA is a fundamental tool of clinical immunology. The test is 

performed in a 8 cm x 12 cm plastic plate which contains an 8 x 12 matrix of 

96 wells, each of which are about 1 cm high and 0.7 cm in diameter. ELISA 

technique tends to be the method of choice when sample concentration is a 

critical issue therefore; collagen III was quantified by using dose curve of the 

purified collagen III. Collagen III polyclonal antibody was used as a probe in 

ELISA to quantify collagen III in serum samples. The detection of collagen 

III using ELISA is a simple, rapid and quantitative assay technique. To 

quantify collagen III, polyclonal antibody specific for collagen III was used. 

Diluted serum samples in coating buffer were allowed to bind overnight to 

wells of ELISA plates. Rabbit polyclonal antibodies to collagen III were 

added. The antigen-antibody binding was allowed to proceed for 2 hours at 

37 °C. Alkaline phosphatase-conjugated goat anti-mouse IgG, were added. 

The amount of coupled conjugate was determined by incubation with 1 

mg/ml P-Nitrophenyl phosphate in substrate buffer. The reaction stopped by 

addition of 3 M NaOH.  

3.1. Dose curve of collagen III

Serial concentrations of purified collagen III (50 – 0.75 ng /ml) were 

tested in parallel to establish a dose-response curve as a function of the 

concentration (ng /ml) in serum samples using ELISA and collagen III 

polyclonal antibody. The dose curve was plotted using millimeter paper 

reporting the optical densities of collagen III on Y-axis and the corresponding 

concentration of purified collagen III (ng /ml) on X-axis. The concentration 

of each unknown samples was determined by interpolation from the dose-

response curve, Table 8 & Figure 23. 

 

 



3.2. Determination of cutoff level of ELISA 

  The expression of collagen III in serum was quantified by using the 

ELISA technique for individuals with different pathology of the liver, The 

cutoff level of ELISA above or below which the tested sample is considered 

positive or negative was calculated as the mean ELISA concentration of 20 

serum samples from healthy volunteers + 3 standard deviation, The cutoff 

level was set at 5 ng/ml, and serum samples from 8 liver fibrosis patients 

associated with chronic HCV infection showed concentration above the cut 

off level, Figure 24. 

 

Table 8. Data of collagen III dose curve determination using ELISA and 

collagen III polyclonal antibody 

 

Optical densities (OD) Concentration  (ng/ml)

0.50 50.00

0.40 25.00

0.31 12.50 

0.25 6.25

0.20 3.00

0.15 1.50

0.12 0.75

 

 

  



 

Figure 23: Dose-response curve for purified collagen III in the ELISA  

owing optical densities (OD) at 490 nm as a function of the concentration of 

collagen III (ng/ml) in serum samples of liver fibrosis patients associated 

with chronic HCV infection. 
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Figure 24: Cut-off level for collagen III using ELISA. Eight serum samples 

selected from liver fibrosis patients associated with chronic HCV infection 

showing positive test for collagen III (i.e above 5 ng/ml) and 20 serum 

samples from healthy volunteers showing negative test result (i.e below 5 

ng/ml). 

 

 

 



3.3. Detection of collagen III in sera of liver fibrosis patients 

associated with chronic HCV infection and healthy 

volunteers using ELISA. 

Serum samples of 118 patients liver fibrosis patients associated with 

chronic HCV infection were tested by ELISA for the detection of collagen III 

against sera collected from 50 healthy volunteers. The collagen III was 

detected in 73 (62%) out of total 118 liver fibrosis patients, 45 (38 %) of 118 

liver fibrosis patients were negative collagen III (false negative). 48 (96%) 

out of total 50 healthy volunteers were negative for collagen III, 2 (4%) out 

of total 50 healthy volunteers were positive collagen III (false positive), 

Table 9. 

Relation between serum collagen III and sex in liver fibrosis patients 

associated with chronic HCV infection: 

Collagen III was detected using ELISA in 58.3% of male and in 

65.5% of female of liver fibrosis patients. No significant difference (X
2
 

=2.19, p= 0.139) was shown between the detection rates of collagen III in 

male and female as shown in Table 10. 

 

 

 

 

 

 

 

 

 

 

 



 

Table 9. Detection rate of collagen III in sera of liver fibrosis patients 

associated with chronic HCV infection and healthy volunteers 

using ELISA: 

Groups No 
Collagen III Detectio

n rate % 
P value* 

+ ve -ve 

Healthy volunteers 50 2 48 4% 

<0.0001 Liver fibrosis 

patients 
118 73 45 62 % 

 There are extremely significant (P<0.0001) between detection rate of 

collagen III in two groups. 

 

 

Table 10. The relation between collagen III and sex in liver fibrosis 

patients associated with chronic HCV infection:  

SEX

Collagen III 

Total 
Negative 

N(%)* 

Positive 

N(%) 

Male 25 (41.7 %) 35 (58.3 %) 60

Female 20 (34.5%) 38 (65.5 %) 58 

Total 45 73 118 

X
2
** 2.19

P value 0.139

 *N(%) = number of samples (percentage) 

**Chi- square: No significant difference between the detection rates of 

collagen III in male and female (X
2
 =2.19, p= 0.139). 



3.4. Quantitative determination of collagen III in liver fibrosis 

patients associated with chronic HCV infection using 

ELISA: 

There are extremely significant (P<0.0001) between concentration of 

serum collagen III (mean ± SD ng/ml) in fibrotic liver patients (8.38±3.56) 

and in healthy volunteers (3.2±0.59), Table 11. Box plot representing the 

relation between the pathological diagnosis and level of collagen III. The box 

plot represents the interquartile range, the whiskers indicate the highest and 

lowest values, and the line across the box indicates the median value. The 

median of serum collagen III (ng/ml) in fibrotic liver patients and in healthy 

volunteers were 7.68 and 3.0; respectively. Overall significance of 

differences among the fibrotic liver patients and healthy volunteers was 

determined by t-test for collagen III levels (P<0.0001), Figure 25. 

3.5.   Overall diagnostic performance of serum collagen III: 

Predictive values; negative predictive value (NPV) and positive 

predictive value (PPV) for the diagnosis of liver fibrosis patients associated 

with chronic HCV infection are presented in Figure 26. By applying collagen 

III cut-off =5 ng/ml, fibrotic liver patients was predicted, also at the same 

cutoff the sensitivity, specificity, NPV and PPV and efficiency were 

determined as  62%, 96%, 61.6%, 97.3% and 72%; respectively, Figure 26. 

 

 

 

 

 

 

 

 



 

Table 11. Concentration of collagen III in serum samples of liver fibrosis 

patients associated with chronic HCV infection in 

comparison with healthy volunteers:  

Pathological status No* 

Collagen III (ng/ml)  

(M ± SD**) 

P value*** 

Healthy volunteers 50 3.2±0.59  

<0.0001 Liver fibrosis patients 118 8.38±3.56 

* No: Number of samples 

** M ± SD: Mean ± standard deviation.  

*** There are extremely significant (P<0.0001) between concentration of 

collagen III in two groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 25: Concentration of collagen III in serum samples of liver fibrosis 

patients associated with chronic HCV infection compared with healthy 

volunteers, the line across the box indicates the median value. The median of 

serum collagen III (ng/ml) in liver fibrosis patients and in healthy volunteers 

were 7.68 and 3.0; respectively. Overall significance of differences among 

the two pathololgy was determined by t-test for collagen (p<0.0001).  

 

 

 

 

 



 

 

 

 

Figure 26. Sensitivity, specificity, efficiency and  positive (PPV) and 

negative predictive values  (NPV) of collagen III for diagnosis liver fibrosis 

patients associated with chronic HCV infection. 
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4. Correlation between level of serum collagen III and 

laboratory biomarkers:  

Table 12; illustrate the correlation between collagen III and 

laboratory biomarkers. 

There was very significant correlation between levels of serum 

collagen III (ng/ml) and platelets count (r= - 0.38 & p=0.002), Figure 27. 

While a significant correlation was found between levels of serum 

collagen III (ng/ml) and levels of APRI (AST/Platelets Ratio Index) (r=0.292 

& p=0.02), Figure 28. 

Also, a significant correlation was found between levels of serum 

collagen III (ng/ml) and levels of ALT (U/ml) (r=0.281 & p=0.026),Figure 29. 

 However, there was significant correlation between levels of 

serum collagen III (ng/ml) and levels of albumin (g/L) (r= - 0.268 & 

p=0.034), Figure 30. 

Also, a significant correlation was found between levels of serum 

collagen III (ng/ml) and levels of billirubin (r=0.226 & p=0.049), Figure 31. 

But, no significant correlation was found between levels of serum collagen 

III (ng/ml) and levels of AST (U/ml) (r=0.158 & p=0.213), Figure 32. 

Finally, no significant correlation was found between levels of serum 

collagen III (ng/ml) and levels of AST/ALT ratio (r= - 0.027 & p=0.83), 

Figure 33. 

 

 

 

 



Table 12. Correlation between collagen III and laboratory biomarkers: 

Laboratory 

biomarkers 
Pearson Correlation P value* 

Platelets count - 0.380 0.002 

APRI** 0.292 0.020 

ALT (U/ml) 0.281 0.026 

Albumin (g/L) - 0.268 0.034 

Bilirubin (mg%) 0.226 0.049 

AST (U/ml) 0.158 0.213 

AST/ALT ratio - 0.027 0.830 

 

* P >  0.05 is considered not significant. 

* P < 0.05 considered significant. 

* P < 0.001 considered very significant. 

* P < 0.0001 is considered extremely significant 

**AST/Platelets Ratio Index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 27: Correlation between levels of serum collagen III (ng/ml) and  

platelets count: A very significant correlation was found (r= - 0.38 & 

p=0.002). 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 28: Correlation between levels of serum collagen III (ng/ml) and 

levels of APRI (AST/Platelets Ratio Index): A significant correlation was 

found (r= 0.292 & p=0.02). 

 

 



 

 

Figure 29: Correlation between levels of serum collagen III (ng/ml) and 

Levels of ALT (U/ml): There's significant correlation was found (r=0.281 & 

p=0.026). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 30: Correlation between levels of serum collagen III (ng/ml) and 

levels of Albumin (g/L): A significant correlation was found (r=- 0.268 & 

p=0.034). 

 

 

 

 

 

 



 

 

 

 

 

Figure 31: Correlation between levels of serum collagen III (ng/ml) and 

levels of billirubin (mg%): A significant correlation was found (r=0.226 & 

p=0.049). 

 

 

 

 

 

 



 

 

 

 

 

Figure 32: Correlation between levels of serum collagen III (ng/ml) and 

Levels of AST (U/ml): No significant correlation was found (r=0.158 & 

p=0.213). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 33: Correlation between levels of serum collagen III (ng/ml) and 

levels of AST/ALT ratio: No significant correlation was found (r= - 0.027& 

p=0.835). 

 

 

 

 

 



Part (III) 

1. Detection of hyaluronic acid in sera of liver fibrosis patients 

associated with chronic HCV infection and healthy 

volunteers using radioimmunoassay:

Radioimmunoassay has achieved widespread use as a sensitive and 

specific method for the quantitation of microquantities of a large number of 

clinically relevant compounds. The serum levels of hyaluronic acid were 

determined by radioimmunoassay according to the instructions of the 

manufacturer (Pharmacia HA Test). 

The hyaluronic acid was detected in 85 (72%) out of total 118 liver 

fibrosis patients, 33 (28%) of 118 liver fibrosis patients were negative 

hyaluronic acid. 47 (94%) out of total 50 healthy volunteers were negative 

for hyaluronic acid, 3 (6%) out of total 50 healthy volunteers were positive 

hyaluronic acid as shown in Table 13. 

Relation between serum hyaluronic acid and sex in liver fibrosis patients 

associated with chronic HCV infection: 

Hyaluronic acid was detected using radioimmunoassay in 79.3% of 

male and in 65% of female of liver fibrosis patients. No significant difference 

(X
2
 =1.53, p= 0.361) was shown between the detection rates of hyaluronic 

acid in male and female as shown in Table 14. 

 

 

 

 

 

 

 



Table 13. Detection rate of hyaluronic acid in sera of liver fibrosis 

patients associated with chronic HCV infection and healthy 

volunteers using radioimmunoassay: 

Groups No 

Hyaluronic 

acid  
Detection rate 

% 

P 

value* 
+ ve -ve 

Healthy volunteers 50 3 47 6% 

<0.0001 
Liver fibrosis 

patients 
118 85 33 72% 

 There are extremely significant (P<0.0001) between detection rate of 

hyaluronic acid in two groups. 

 

 

Table 14. The relation between hyaluronic acid and sex in liver fibrosis 

patients associated with chronic HCV infection:  

SEX

Hyaluronic acid 

Total 
Negative 

N(%)* 

Positive 

N(%) 

Male 21 (35 %) 39 (65 %) 60

Female 12 (20.7%) 46 (79.3 %) 58 

Total 33 85 118 

X
2
** 1.53

P value 0.361

 *N(%) = number of samples (percentage) 

**Chi- square: No significant difference between the detection rates of 

hyaluronic acid in male and female (X
2
 =1.53, p= 0.361). 



2. The relation between the pathological diagnosis and 

concentration of hyaluronic acid (µg/L).  

The mean, and SD (µg/L) of serum hyaluronic acid concentration in 

liver fibrosis patients associated with chronic HCV infection were 74.9, and 

35.2. However, those in healthy volunteers were 39.6, and 15.2, respectively. 

So there are extremely significant (P < 0.0001) between the value of 

hyaluronic acid of fibrotic liver patients and healthy volunteers, Table 15. 

Box plot representing the relation between the pathological diagnosis 

and level of hyaluronic acid. The box plot represents the interquartile range, 

the whiskers indicate the highest and lowest values, and the line across the 

box indicates the median value. The median of serum hyaluronic acid (µg/L) 

in fibrotic liver patients and in healthy volunteers were 71.68 and 35.7; 

respectively. Overall significance of differences among the fibrotic liver 

patients and healthy volunteers was determined by t-test for hyaluronic acid 

levels (P<0.0001), Figure 34. 

Overall diagnostic performance of serum hyaluronic acid: 

Predictive values; negative predictive value and positive predictive 

value for the diagnosis of liver fibrosis patients associated with chronic HCV 

infection are presented in Figure 35. The sensitivity, specificity, NPV and 

PPV and efficiency were determined as 72%, 94%, 58.8%, 96.6% and 

78.8%; respectively, Figure 35. 

 

 

 

 

 

 

 



Table 15. Concentration of hyaluronic acid in serum samples of liver 

fibrosis patients associated with chronic HCV infection in 

comparison with healthy volunteers:  

Pathological status No* 
Hyaluronic acid (µg/L)  

(M ± SD**) 
P value*** 

Healthy volunteers 50 39.6±15.2  

<0.0001 Liver fibrosis patients 118 74.9±35.2 

* No: Number of samples 

** M ± SD: Mean ± standard deviation.  

*** There are extremely significant (P<0.0001) between concentration of 

hyaluronic acid in two groups. 

 

 

  



 

 

 

 

Figure 34: Concentration of hyaluronic acid (µg/L) in serum samples of liver 

fibrosis patients associated with chronic HCV infection compared with 

healthy volunteers, the line across the box indicates the median value. The 

median of serum Hyaluronic acid (µg/L) in liver fibrosis patients and in 

healthy volunteers were 71.68 and 35.7; respectively. Overall significance of 

differences among the two pathololgy was determined by t-test for hyaluronic 

acid (p<0.0001).  

 

  



 

 

 

Figure 35. Sensitivity, specificity, efficiency and  positive (PPV) and 

negative predictive values  (NPV) of hyaluronic acid for diagnosis liver 

fibrosis patients associated with chronic HCV infection. 
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3. Correlation between levels of serum hyaluronic acid and 

laboratory biomarkers:  

Table 16; illustrate the correlation between hyaluronic acid and 

laboratory biomarkers. 

There was extremely significant correlation between levels of serum 

hyaluronic acid (µg/L) and levels of albumin (g/L) (r= - 0.429 & p=0.0001), 

Figure 36. 

Also, there was extremely significant correlation between levels of 

serum hyaluronic acid (µg/L) and platelets count (r=- 0.379 & p=0.0001), 

Figure 37. 

While, a very significant correlation was found between levels of 

serum hyaluronic acid (µg/L) and APRI (AST/Platelets Ratio Index) (r=0.293 

& p=0.001), Figure 38. 

Also, a very significant correlation was found between levels of 

serum hyaluronic acid (µg/L) and levels of billirubin (mg%) (r=0.29 & 

p=0.002), Figure 39. 

In addition to a very significant correlation was found between levels 

of serum hyaluronic acid (µg/L) and levels of ALT (U/ml) (r=0.268 & 

p=0.003), Figure 40. 

 However, there was significant correlation was found between levels 

of serum hyaluronic acid (µg/L) and levels of AST (U/ml) (r=0.238 & 

p=0.01), Figure 41. 

But no significant correlation was found between levels of serum 

hyaluronic acid (µg/L) and Levels of AST/ALT ratio (r=0.102 & p=0.21),   

Figure 42. 

 

 

 



 

Table 16. Correlation between hyaluronic acid and laboratory 

biomarkers: 

Laboratory 

biomarkers 
Pearson Correlation P value* 

Albumin (g/L) - 0.429 0.0001 

Platelets count - 0.379 0.0001 

APRI** 0.293 0.001 

Bilirubin (mg%) 0.29 0.002 

ALT (U/ml) 0.268 0.003 

AST (U/ml) 0.238 0.01 

AST/ALT ratio 0.102 0.21 

 

* P >  0.05 is considered not significant. 

* P < 0.05 considered significant. 

* P < 0.001 considered very significant. 

* P < 0.0001 is considered extremely significant 

**AST/Platelets Ratio Index 

 



 

 

 

 

 

Figure 36: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of Albumin (g/L): Extremely significant correlation was found (r=- 

0.429 & p=0.0001). 

  



 

 

 

 

 

Figure 37: Correlation between levels of serum hyaluronic acid (µg/L) and  

platelets count: Extremely significant correlation was found (r=- 0.379 & 

p=0.0001). 

 

  



 
 

 

 

 

Figure 38: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of APRI (AST/Platelets Ratio Index): A very significant correlation 

was found (r=0.293 & p=0.001). 
 

 
 

 

  



 
 

 

 
 

 

 
 

 

Figure 39: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of billirubin (mg%): A very significant correlation was found (r=0.29 

& p=0.002). 

 
 

 

 
 

  



 
 

 

 
 

 

 
 

 

 

Figure 40: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of ALT (U/ml): A very significant correlation was found (r=0.268 & 

p=0.003). 

  



 

 

 

 

 

 

Figure 41: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of AST (U/ml): A significant correlation was found (r=0.238 & 

p=0.01). 

 

 

 

 

  



 

 

 

 

 

 

Figure 42: Correlation between levels of serum hyaluronic acid (µg/L) and 

levels of AST/ALT ratio: No significant correlation was found (r=0.102 & 

p=0.21). 



Part (IV) 

1. Evaluation of collagen III (ng/ml) and hyaluronic acid 

(µg/L) for diagnosis of liver fibrosis patients associated with 

chronic HCV infection: 

1.1. Receiver operating characteristic (ROC) curve 

The ROC plot is simple and easily appreciated visually graph. It is a 

comprehensive representation of pure accuracy, i.e., discriminating ability 

over the entire range of the test. It provides a direct visual comparison 

between tests on a common scale. Its specificity and sensitivity are readily 

accessible, in contrast to dot diagrams and frequency histograms. We 

calculated the sensitivity and specificity for different cut-off values of the 

antigen then constructed ROC curve by plotting the sensitivity against the 

reverse specificity (1 minus specificity) at each value. The diagnostic value 

of the antigen assessed by the area under the ROC curve. An area under the 

curve (AUC) of 1.0 is characteristics of an ideal test, whereas 0.5 indicates a 

test of no diagnostic value. The nearer a curve shifts to the top left-hand 

corner of the graph, the more useful marker is for the diagnosis. 

 The area under ROC curve of collagen III for discriminating liver 

fibrosis patients associated with chronic HCV infection from healthy 

volunteers and P value were 0.805 and P < 0.0001; respectively,  Figure 43.  

While, the area under ROC curve of hyaluronic acid for 

discriminating liver fibrosis patients associated with chronic HCV infection 

from healthy volunteers and P value were 0.832 and P < 0.0001; respectively, 

Figure 44.  

 

  



 

 

 

 

 

Figure 43: ROC curve of collagen III (ng/ml) for discriminating liver 

fibrosis patients associated with chronic HCV infection from healthy 

voluntees. The area under the ROC curve and P value of collagen III (ng/ml) 

were 0.805 and P < 0.0001; respectively. 
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Figure 44: ROC curve of hyaluronic acid for discriminating liver fibrosis 

patients associated with chronic HCV infection from healthy volunteers. The 

area under the ROC curve and P value of hyaluronic acid were 0.832 and P< 

0.0001; respectively.  
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2. The correlation between levels of collagen III (ng/ml) and 

hyaluronic acid (µg/L) in serum samples 

Because there was no significant correlation (r=0.01 & P=0.714) 

between levels of collagen III (ng/ml) and hyaluronic acid (µg/L), Figure 45, 

We evaluated a combination between them to predict the probability of liver 

fibrosis patients from collagen III (ng/ml) and hyaluronic acid (µg/L) values.            

Collagen III (ng/ml) can identify patients with liver fibrosis with 

detection rate 62%. Hyaluronic acid (µg/L) can identify patients with liver 

fibrosis with detection rate 72%. Collagen III in combination with hyaluronic 

acid can identify 106 out of 118 patients with liver fibrosis with detection 

rate 89.8 %, Figure 46. However, the detection rate of collagen III in 

combination with hyaluronic acid in healthy volunteer was 6%.  

Comparison between performance characteristics of sensitivity, 

specificity, efficiency and predictive values of collagen III (ng/ml) and 

hyaluronic acid (µg/L) as a single marker against two combined markers 

(Collagen & hyaluronic acid) for the diagnosis of liver fibrosis patients was 

presented in Table 17. 

  



 

 

 

 

 

 

Figure 45: Correlation between levels of collagen III (ng/ml) and hyaluronic 

acid (µg/L) in serum samples (r= 0.01 & p=0.71). No statistically significant 

correlation was found between levels of collagen III (ng /ml) and hyaluronic 

acid (µg/L) in study serum samples. 

  



 

 

Figure 46. Detection rate of  collagen III (ng/ml) and hyaluronic acid 

(µg/L) and combination between this two markers for diagnosis of liver 

fibrosis. 
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Table 17. Performance characteristics of collagen III (ng/ml), hyaluronic 

acid (µg/L) and the combination between collagen III and hyaluronic 

acid for diagnosis liver fibrosis patients. 

 

 
Collagen III 

(ng/ml) 

Hyaluronic 

acid (µg/L) 

Combination of 

collagen III and 

hyaluronic acid 

Sensitivity 62% 72% 89.8% 

Specificity 96% 94% 94% 

PPV 97.3% 96.6% 97.2% 

NPV 61.6% 58.8% 79.7% 

Efficiency 72% 78.8% 91.1% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V- Discussion 

Hepatitis C virus (HCV) is a highly mutable RNA virus with a high 

propensity for chronic infection, affecting over 3% of the world's population. 

Persistent infection is associated with chronic hepatitis that may progress to 

cirrhosis and hepatocellular carcinoma over many years of infection (Chang 

and George, 2007 and Jimenez-Hernandez et al., 2007). Since its initial 

discovery in 1989, rapid progress has been made in our understanding of the 

virology, epidemiology, natural history, diagnosis, and treatment of HCV 

(Cheney et al., 2000).  

Hepatitis C virus is both an hepatotropic and a lymphotropic virus; 

and chronic infection could cause, chronic hepatitis, cirrhosis (Craxì et al., 

2008). 

Worldwide more than 170 million people are chronically infected 

with the HCV, which is a frequent cause of chronic hepatitis, cirrhosis, and 

hepatocellular carcinoma. Unlike infection with other hepatotropic viruses, 

only a small percentage of acute HCV infections are cleared, and most 

infected individuals develop lifelong HCV infection in the absence of 

efficient treatment. It is believed that both viral and host factors contribute to 

the inability of the host immune system to clear the initial infection and lead 

to the high propensity of chronic HCV infection (Szabo and Dolganiuc, 

2006). 

Genotype IV is the most common genotype of hepatitis C virus and 

its response to treatment is still a controversy (Zekri et al., 2007). 

In Egypt HCV genotype 4 represents a major health problem, with a 

prevalence rate of 13% (Kamal, 2009). Egypt has the highest country wide 

prevalence of hepatitis C virus infection in the world and the prevalence of 

antibodies to hepatitis C virus is 10-fold greater than in the United States and 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crax%C3%AC%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus


Europe, apparently due to mass parenteral anti-schistosomal therapy 

(Strickland et al., 2002 and Deuffic et al., 2006).  

Chronic liver diseases represent a major cause of morbidity and 

mortality worldwide (Sebastiani, 2009). 

 

The clinical course of chronic liver diseases is significantly dependent 

on the progression rate and the extent of fibrosis (Castera et al., 2008 and 

Gressner et al., 2009).  

 Chronic hepatic disease damages the liver and the resulting wound-

healing process might lead to liver fibrosis and subsequent cirrhosis 

development. Fibrosis is the excessive deposition of extracellular matrix in 

the tissue as consequence of chronic liver damage. Thus, efforts to 

understand and attenuate fibrosis have direct clinical implications (Mas et 

al., 2009).  

Fibrosis was usually considered a progressive linear event; however, 

clinical evidence suggests that fibrosis progression does not always have a 

fixed speed or follow a linear pattern, but instead it can be accompanied by 

slower or rapid phases in their evolution (Pinzani, 2006). Liver cirrhosis an 

end stage consequence of fibrosis (Friedman, 2003). 

In chronic hepatitis C virus infection, antiviral therapy with viral 

clearance has been associated with a significant reduction of fibrosis (Arima 

et al., 2004 and Teoh and Farrell, 2004).  

Clinical management of chronic hepatitis C is dependent on the extent 

of liver fibrosis. Liver biopsy, the gold standard, is still recommended in the 

majority of patients (Strader  et al., 2004). However, it is an invasive 

procedure responsible for severe complications in about 0.5% of cases. 

Sample variability is another limitation. The biopsy specimen appears to be 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12452500&dopt=Abstract


poorly reliable when its length is inferior to 15 mm (Leroy et al., 2007 and 

Han and Yoon, 2008 ;Manning and Afdhal, 2008).  

The liver biopsy serves two principal functions. First, it establishes or 

confirms the diagnosis of a particular type of liver disease. Then, it is 

frequently used to assess the severity of the disease. In the hands of a skilled 

interpreter, a biopsy is quite good for the first function, which is a qualitative 

analysis. It is less reliable for the second, which can be considered a 

semiquantitative analysis, but it can still provide potentially useful 

information that can be used to assess prognosis and guide treatment 

(Goodman, 2007). 

However, liver biopsy is invasive, requires an experienced 

gastroenterologist, examination is required by a professional histopathologist, 

adds expense and is associated with complications and mortality patients with 

chronic hepatitis C (Poynard et al., 2000; Regev  et al., 2002; Bedossa et 

al., 2003 and Colloredo et al., 2003). Moreover, liver fibrosis is evaluated 

by histological scores, which have inter-observer variability especially 

among non-expert pathologists (Rousselet et al., 2005).  

 Similarly, although quantitative image analysis has a greater 

diagnostic accuracy, it provides limited information, giving only a partial 

reflection of liver fibrosis and it is expensive (Pilette  et al., 1998). 

Ultrasound identification of liver fibrosis in chronic viral liver disease is 

possible with 25% sensitivity, 100% specificity, 100% positive predictive 

value and 79% negative predictive value, with an 80% diagnostic accuracy 

(D’Onofrio et al., 2005).   

Biomarkers are being developed as alternatives to liver biopsy for 

predicting liver fibrosis in patients with chronic hepatitis C (Becker et al., 

2009). an intensive research on non-invasive alternatives. A simple, 

reproducible, low-cost and non-invasive tool that can follow the evolution of 



the disease overtime would be beneficial for the testing physician and is 

desired by the patients (Fontana and Lok, 2002 and Leroy et al., 2007). 

The main advantages of noninvasive fibrosis tests are the absence of 

risks and they could be used not only to stage liver fibrosis, but also and more 

appropriately to assess the speed of liver fibrogenesis, and also to estimate 

and monitor the efficacy and the response to antifibrotic drugs (Sebastiani 

and Alberti, 2006).  

In our study, liver function tests aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), albumin and total bilirubin, were measured 

using standard methodologies. Routine blood pictures including platelets 

counting were determined. The AST-ALT  ratio and APRI (AST/platelets 

count ratio index) were calculated.  

All evaluated liver function tests and platelets count were  differed 

significantly [there were statistically extremely significant difference 

between median of ALT, platelets counts and APRI of liver fibrosis of CHC 

patients and healthy volunteers (p<0.0001). However; there were a 

statistically very significant difference between median of AST, bilirubin, 

albumin and AST/ALT ratio of liver fibrosis patients and healthy volunteers 

(p<0.001)].  

We plotted box plots which representing the relation between the 

pathological diagnosis and laboratory biomarkers values. The box plot 

represents the interquartile range, the whiskers indicate the highest and 

lowest values, and the line across the box indicates the median value. Overall 

significance of differences among the liver fibrosis patients and healthy 

volunteers was determined by t-test for laboratory biomarkers (P<0.001- 

P<0.0001), where the median of albumin (g/L), AST (U/ml), ALT (U/ml), 

platelets count (× 10
9
/L), AST/ALT ratio, APRI and bilirubin (mg %) in liver 

fibrosis of CHC patients were 39, 54, 51, 176, 0.986, 0.86 and 2.5; 



respectively, but in healthy volunteers were 41, 36, 35.5, 272.5, 0.9, 0.34 and 

0.71; respectively. 

Several investigators detect the levels of biochemical markers (AST, 

ALT, bilirubins) of liver fibrosis group were higher than healthy individuals 

groups (all-p < 0.001) ( Canbakan et al., 2009). 

Also, Giannini et al., 2006 who found that AST/ALT ratios increased 

and platelet counts decreased as liver fibrosis worsened. 

Some serum markers either directly involved in fibrosis remodelling 

or altered by its consequences have been described to be correlated to liver 

fibrosis (Leroy et al., 2007). 

Extracellular matrix proteins represents a group of macromolecules, 

including the matrix proteins collagens and elastin, structural (basement) 

glycoproteins, proteoglycans (core protein-glycosaminoglycan 

macromolecules) and pure carbohydrates, i.e. hyaluronan (formerly termed 

hyaluronic acid) (Gressner and Weiskirchen, 2006). Serum levels of 

extracellular matrix proteins such as collagens, laminin, hyaluronan, elastin, 

and fibronectin, reflect the dynamic processes of fibrogenesis and fibrolysis 

and have been proposed as biomarkers of hepatic fibrosis (Attallah et al., 

2007). 

Collagens are extracellular matrix proteins that maintain the structural 

integrity of various tissues. Because normal collagen contained in connective 

tissues and bone is known to undergo metabolic alterations in a wide variety 

of diseases. (J Terrig Thomas et al., 1994). 

In the present study, collagen III was identified in serum samples of 

patients with fibrotic liver in chronic hepatitis C patients using polyclonal 

antibody (poAb) specific of collagen III and western blot analysis technique. 

In our study we found that the molecular weight of the reactive band 

of collagen III was 70 kDa in serum samples of fibrotic liver patients, using 



standard proteins mixture ranged from 215 kDa to 18.3 kDa and liner 

calibration which represented a relation between log molecular weight of 

standard proteins mixture and their relative factors on SDS-PAGE was 

constructed. 

Abdelfattah M. Attallah,  et al.,2007 found that the molecular 

weights of collagen types III and IV were 70 and 200 kDa, respectively, 

using Western blot.  

Several authors identified collagen types III and IV using monoclonal 

antibodies at the same molecular weights 70 and 200 kDa (Mayne 1988 and 

Kumagai et al., 1994). 

In our study, the 70 kDa collagen III was purified from serum of 

fibrotic liver patients of chronic viral hepatitis C by electroelution technique 

from preparative gels. The reactivity of 70 kDa purified collagen III towards 

collagen III polyclonal antibody was tested using ELISA. The 70 kDa 

purified collagen III showed high reactivity towards collagen III polyclonal 

antibody.  

In our study, The expression of collagen III in serum was detected by 

using the ELISA technique for serum samples of 118 fibrotic liver patients 

with chronic hepatitis C and 50 healthy volunteers. Dose-response curve for 

purified collagen III in the ELISA as a function of the concentration in serum 

samples of liver fibrosis patients and healthy individuals was done for 

quantitation of collagen III. 

The collagen III was detected in 73 (62%) out of total 118 CHC 

patients, 45 (38%) of 118 fibrotic liver patients were negative collagen III 

(false negative).  

48 (96%) out of total 50 healthy volunteers were negative for collagen 

III, 2 (4%) out of total 50 healthy volunteers were positive collagen III (false 

positive). 



In the present study, we found that there is no relation between serum 

collagen III and sex in fibrotic liver patients; however collagen III was 

detected using ELISA in 58.3% of male and in 65.5% of female of fibrotic 

liver patients. So no significant difference (X
2
 =2.19, p= 0.139) was shown 

between the detection rates of collagen III in male and female. 

In other hand; we found extremely significant (P<0.0001) between 

concentration of serum collagen (mean ± SD ng/ml) in fibrotic liver patients 

(8.38±2.19) and in healthy volunteers (3.2±0.59). The values of serum 

collagen concentration increased in the patients with fibrotic liver.  

However, we represented the relation between the pathological 

diagnosis and level of collagen III using box plot, and significance of 

differences among the fibrotic liver patients and healthy volunteers was 

determined by t-test for collagen levels (P<0.0001), where median of serum 

collagen III (ng/ml) in fibrotic liver patients and in healthy volunteers were 

7.68 and 3.0; respectively.  

In the present study, also, we was determined the diagnostic 

performance of serum collagen III. By applying collagen III cut-off =5 ng/ml, 

negative predictive value (NPV) and positive predictive value (PPV) for the 

diagnosis of fibrotic liver patients associated with CHC were 61.6% and 

97.3%. also at the same cutoff the sensitivity, specificity and efficiency were 

determined as  62%, 96% and 72%; respectively. 

Other study has determined the diagnostic performance of serum 

collagen IV in patients with HCV-associated liver diseases; the sensitivity, 

specificity, PPV and NPV for collagen IV were  65%, 69%, 67%, 66%; 

respectively (Yukiko et al.,  2005). 

          In the present study, we have calculated the correlation between levels 

of serum collagen III (ng/ml) and laboratory biomarkers; A significant 

correlation was found between levels of serum collagen III and levels of ALT 



(U/ml) (r=0.281 & p=0.026),but no significant correlation was found between 

levels of serum collagen III and levels of AST (U/ml) (r=0.158 & p=0.213), 

however, there was significant correlation between levels of serum collagen 

III and concentrations of albumin (g/L) (r= - 0.268 & p=0.034). 

While there was very significant correlation between levels of serum 

collagen III and platelets count (r=0.38 & p=0.002), a significant correlation 

was found between levels of serum collagen III and level of billirubin 

(r=0.226 & p=0.049). A significant correlation was found between levels of 

serum collagen III and APRI (AST/Platelets Ratio Index) (r=0.292 & 

p=0.02). 

In final, no significant correlation was found between levels of serum 

collagen III and Levels of AST/ALT ratio (r= - 0.027 & p=0.83). 

Panels of serum fibrosis markers such as hyaluronic acid, amino-

terminal peptide of type III procollagen (PIIINP), tissue inhibitor of matrix 

metalloproteinase inhibitor-1 (TIMP-1), and YKL-40 are believed to more 

directly reflect the resorption of low density extracellular matrix and 

deposition of high density matrix in patients with chronic liver disease 

(Kamal et al., 2006). 

Hyaluronic acid is a glycosoaminoglycan that can increase as a result 

of activated hepatic stellate cell production or reduced hepatic sinusoidal 

endothelial cell clearance (Rockey & Bissell, 2006). 

In our study, the serum levels of hyaluronic acid were determined by 

radioimmunoassay. The hyaluronic acid was detected in 85 (72%) out of total 

118 liver fibrosis patients, 33 (28 %) of 118 liver fibrosis patients were 

negative hyaluronic acid. 47 (94%) out of total 50 healthy volunteers were 

negative for hyaluronic acid, 3 (6%) out of total 50 healthy volunteers were 

positive hyaluronic acid. 



Also, the relation between serum hyaluronic acid and sex in liver 

fibrosis patients was determined using radioimmunoassay, where there‟s no 

significant difference (X
2
 =1.53, p= 0.361) was shown between the detection 

rates of hyaluronic acid in male (79.3%) and in female (65%) of liver fibrosis 

patients.                                                                                         

In the present study, we determined the relation between the 

pathological diagnosis and concentration of hyaluronic acid (µg/L), where 

there are extremely significant (P<0.0001) between the value of hyaluronic 

acid (mean±SD (µg/L)) of fibrotic liver patients (74.9±35.2) and healthy 

volunteers (39.6±15.2). However, overall diagnostic performance of serum 

hyaluronic acid for diagnosis of liver fibrosis patients was identified as the 

following; the sensitivity, specificity, NPV and PPV and efficiency were 

72%, 94%, 58.8%, 96.6% and 78.8%; respectively. 

In the other hand, several authors were determined diagnostic 

performance of hyaluronic acid for diagnosis of liver fibrosis patients with  

sensitivity, specificity, PPV and NPV for hyaluronic acid  were  75%, 81%, 

79%, 76%; respectively (Yukiko et al.,  2005). 

In our study, the correlation between level of hyaluronic acid and 

laboratory biomarkers was determined. There was extremely significant 

correlation between levels of serum hyaluronic acid (µg/L) and levels of 

albumin (g/L) (r= - 0.429 & p=0.0001). Also, there was extremely significant 

correlation between levels of serum hyaluronic acid (µg/L) and platelets 

count (r=- 0.379 & p=0.0001). 

While, a very significant correlation was found between levels of 

serum hyaluronic acid (µg/L) and APRI (AST/Platelets Ratio Index) (r=0.293 

& p=0.001). Also, a very significant correlation was found between levels of 

serum hyaluronic acid (µg/L) and levels of billirubin (mg%) (r=0.29 & 

p=0.002). In addition to a very significant correlation was found between 



levels of serum hyaluronic acid (µg/L) and levels of ALT (U/ml) (r=0.268 & 

p=0.003). 

 However, there was significant correlation was found between levels 

of serum hyaluronic acid (µg/L) and levels of AST (U/ml) (r=0.238 & 

p=0.01). 

But no significant correlation was found between levels of serum 

hyaluronic acid (µg/L) and Levels of AST/ALT ratio (r=0.102 & p=0.21). 

Receiver-operating characteristic curve (ROC)  analysis has been 

used to compare the diagnostic accuracy of bio markers for discriminating 

liver fibrosis from liver cirrhosis, and to compare the ability of the assays to 

detect advanced liver injury (Walsh et al., 2000).  

In present study, we had evaluated collagen III (ng/ml) and 

hyaluronic acid (µg/L) for diagnosis of liver fibrosis patients associated with 

chronic HCV infection by plotting receiver-operating characteristic curves 

(ROC curves) to assess and compare the diagnostic accuracy of two markers. 

The area under ROC curve of collagen III for discriminating liver 

fibrosis patients from healthy volunteers and P value were 0.805 and P < 

0.0001; respectively.  

While, the area under ROC curve of hyaluronic acid for 

discriminating liver fibrosis patients from healthy volunteers and P value 

were 0.832 and P < 0.0001; respectively.  

 Several authors have been used ROC analysis and the areas under the 

ROC curves for discriminating liver fibrosis patients from healthy volunteers; 

Attallah, et al., 2007 who determined that the area under ROC curve 

of fibronectin for discriminating patients with liver fibrosis from those with 

no fibrosis livers and its p value were 0.78 and P<0.0001. 

 Schiavon et al., 2008 and Murawaki et al., 2001 determined that 

the area under ROC curve of hyaluronic acid ranged from 0.65- 0.73 with 



sensitivity and specificity 75% and 80% , respectively. Also, the area under 

ROC curve of YKL-40 (0.607) was determined for the prediction of 

significant fibrosis. 

In present study, there was no significant correlation (r=0.01 & 

P=0.714) between levels of collagen III (ng/ml) and hyaluronic acid (µg/L), 

so we evaluated a combination between them to predict the probability of 

liver fibrosis patients from collagen III (ng/ml) and hyaluronic acid (µg/L) 

values.  

Collagen III in combination with hyaluronic acid can identify 106 out 

of 118 patients with liver fibrosis with detection rate 89.8 %. Where the 

detection rate of collagen III and hyaluronic acid as a single marker was 62% 

and 72%; respectively. 

However, the detection rate of collagen III in combination with 

hyaluronic acid in healthy volunteer was 6%.  

The performance characteristics of sensitivity, specificity, efficiency, 

positive predictive value and negative predictive value of two combined 

markers (Collagen & hyaluronic acid) for the diagnosis of liver fibrosis 

patients were 89.8%, 94%, 91.1%, 97.2% and 79.7%; respectively. 

In conclusion, liver fibrosis in CHC patients can be discriminated 

from healthy volunteer using noninvasive biomarkers of fibrosis as collagen 

III or hyaluronic acid with high accuracy using different techniques as 

ELISA and radioimmunoassay. 

 

 

 

 

 

 

 

 

 



 

VI- Summary 

Hepatitis C virus infection is now becoming a common health problem 

in both developed and developing countries especially in Egypt. The main 

treatment goal in patients with chronic HCV infection is the prevention of 

progressive hepatic fibrosis by early diagnosis. Histological examination of 

liver biopsy specimens is still the gold standard for this diagnosis. However, 

liver biopsy is invasive, requires an experienced gastroenterologist, 

examination is required by a professional histopathologist, adds expense, and is 

associated with complications and mortality patients with chronic hepatitis C. 

There is a clinical need for noninvasive measurement of liver fibrosis 

both to diagnose significant liver fibrosis and to monitor the effects of 

therapy on fibrogenesis and fibrolysis.  

Selected serum samples from 118 liver fibrosis patients associated 

with chronic HCV infection 60 males and 58 females (aged 21 to 73 years, 

mean age 46.1±10.44) and 50 age matched healthy volunteers (27 males and 

23 females) were included in the present study from Internal Medicine Dept., 

Mansoura University Hospitals, Mansoura, Egypt. 

 The HCV infection was diagnosed based on biochemical, serologic 

and histological criteria. All samples of 118 fibrotic liver patients showing 

positive result for anti-HCV antibodies using ELISA as confirmatory test. 

Liver function tests, AST,ALT, albumin, total bilirubin were measured using 

standard methodologies. Routine blood pictures including platelets counting 

were determined. The AST-ALT ratio was calculated as [AST/ ALT]. The 

APRI was calculated as [AST/ (upper limits of normal) / platelets count 

10
9
/L]×100. 

 

 



 The distribution of all evaluated laboratory biomarkers, AST, ALT,  

Albumin, Billirubin, platelet count, AST/ALT ratio, and APRI differed 

significantly. There were statistically extremely significant difference 

between median of ALT, platelets counts and APRI of liver fibrosis patients 

associated with chronic HCV infection and healthy volunteers (p<0.0001). 

However; there were a statistically very significant difference between 

median of AST, bilirubin, albumin and AST/ALT ratio of liver fibrosis 

patients and healthy volunteers (p<0.001).  

 Collagen III was identified in serum samples of patients with HCV 

induced liver fibrosis at 70 kDa using collagen III polyclonal antibody and 

western blot analysis technique. 

Collagen III was purified from serum samples of liver fibrosis 

patients using electroelution technique from preparative slab gels. The 

purified antigen give a single sharp band at 70 kDa when it was resolved by 

SDS–PAGE and stained with coomassie blue.  

The 70 kDa purified collagen III showed high reactivity towards 

collagen III polyclonal antibody.  

Serum samples of liver fibrosis patients were tested by ELISA that is 

simple and rapid. In order to quantify the collagen III, dose-response curve 

for purified collagen III in the ELISA as a function of the concentration in 

serum samples of liver fibrosis patients was done. The median of serum 

collagen III (ng/ml) in fibrotic liver patients and in healthy volunteers were 

7.68 and 3.0; respectively.  

By applying collagen III cut-off =5 ng/ml, fibrotic liver patients was 

predicted, also at the same cut-off, the sensitivity, specificity, NPV and PPV 

and efficiency were determined as 62%, 96%, 61.6%, 97.3% and 72%; 

respectively. 



There were extremely significant (P<0.0001) between concentration 

of collagen III in fibrotic liver patients and in healthy volunteers. 

There was differed significant correlation between levels of serum 

collagen III (ng/ml) and some laboratory biomarkers (platelets count, APRI, 

ALT, albumin and billirubin). 

But, no significant correlation was found between levels of serum 

collagen III (ng/ml) and level of AST or AST/ALT ratio. 

The serum levels of hyaluronic acid were determined by 

radioimmunoassay. 

The hyaluronic acid was detected in 85 (72%) out of total 118 liver 

fibrosis patients, 33 (28 %) of 118 liver fibrosis patients were negative 

hyaluronic acid. 47 (94%) out of total 50 healthy volunteers were negative 

for hyaluronic acid, 3 (6%) out of total 50 healthy volunteers were positive 

hyaluronic acid. 

Hyaluronic acid was detected using radioimmunoassay in 79.3% of 

male and in 65% of female of liver fibrosis patients. No significant difference 

(X
2
 =1.53, p= 0.361) was shown between the detection rates of hyaluronic 

acid in male and female, so there is no relation between hyaluronic acid and 

sex. 

There are extremely significant (P<0.0001) between the value of 

hyaluronic acid (mean±SD (µg/L)) of fibrotic liver patients (74.9±35.2) and 

healthy volunteers (39.6±15.2). 

The sensitivity, specificity, NPV and PPV and efficiency were 

determined for hyaluronic acid as 72%, 94%, 58.8%, 96.6% and 78.8%; 

respectively. 

There was differed significant correlation between levels of serum 

hyaluronic acid (µg/L) and some laboratory biomarkers (albumin, platelets 

count, APRI, billirubin, ALT and AST). 



But no significant correlation was found between levels of serum 

hyaluronic acid (µg/L) and level of AST/ALT ratio (r=0.102 & p=0.21). 

Plotted receiver-operating characteristic (ROC) curves, was used to 

assess and compare the diagnostic accuracy of biomarkers. The area under 

ROC curve of collagen III for discriminating liver fibrosis patients associated 

with chronic HCV infection from healthy volunteers and P value were 0.805 

and P < 0.0001; respectively. 

While, the area under ROC curve of hyaluronic acid for 

discriminating liver fibrosis patients associated with chronic HCV infection 

from healthy volunteers and P value were 0.832 and P < 0.0001; respectively.  

There was no significant correlation (r=0.01 & P=0.714) between 

levels of collagen III (ng/ml) and hyaluronic acid (µg/L).  

Collagen III (ng/ml) can identify patients with liver fibrosis with 

detection rate 62%. Hyaluronic acid (µg/L) can identify patients with liver 

fibrosis with detection rate 72%.  

Collagen III in combination with hyaluronic acid can identify 89.8 %  

of liver fibrosis patients. However, the detection rate of collagen III in 

combination with hyaluronic acid in healthy volunteer was 6%.  

In conclusion, we have developed noninvasive diagnosis that can be 

applied to patients who either have contraindications or refuse liver biopsy 

for the management of their HCV infection. 
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