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Summary 

The advancement in biotechnology during the 20th century has played a vital role in medical 

diagnostics and therapeutics; especially in the field of functional genomics. Microarray 

technology enables us to monitor the expression of special genes of various tissues under 

different conditions. In order to serve the purpose better to the biological researchers, methods to 

acquire reliable microarray data are incessantly being developed and enhanced. In this thesis, 

cDNA microarrays have been used to conduct gene expression profiling of various stages (F1, 

F2, F3 and F4) of liver fibrosis in patients suffering from chronic hepatitis C. The reason of this 

study was to identify any novel genes associated with chronic HCV infection in our population. 

 Comparative studies were carried out in blood and biopsy samples of 103 chronic HCV 

infected patients and 09 normal healthy adults. The samples were taken in triplicates. The study 

of genes expressed differentially between normal livers and HCV infected livers (at different 

stages of fibrosis) was done. We searched for the genes that are differentially expressed both in 

the circulating white blood cells and the liver of patients suffering from chronic hepatitis C at 

varying degrees of liver damage (fibrosis), and to see if there is any possible correlation of 

chemical biomarkers with different stages of fibrosis. The blood was used to do genotyping and 

RNA quantification (viral load). Liver biopsy samples were used for staging and grading of the 

fibrosis according to METAVIR classification, and to obtain total RNA. Good quality RNA was 

extracted from liver biopsy samples. mRNA was purified from total RNA and cDNA was 

prepared and purified. This cDNA was then converted into aRNA, which was purified and 

coupled with Cy-3 and Cy-5 dyes. The microarray slides were hybridized.  These hybridized 

slides were scanned for Cy-3 and Cy-5 channels and their images were saved. Data were 

normalized by housekeeping genes within array and by lowess method between slides. After 

normalization, SAM software was used for significant analysis of genes. After SAM analysis, 

1248 significant genes were then taken to cluster 3.0 program, where clustering was done and 

viewed by Tree-view. Clustering was done according to the genes expression. Standard deviation 

filter was applied and 295 significant genes were obtained. These clusters were then taken to two 

programs; K-means clustering and EASE program. K-means cluster program clustered these 295 

genes according to their gene expression whether they were up-regulated or down-regulated. 

EASE program grouped them according to their biological functions. Four of the 295 genes, 



gave homology with proteins involved in apoptosis, two with Cytokines, nine with inflammatory 

response, four with olfactory functions, five with pro-inflammatory response and four with sense 

receptors.  25 genes were found to have homology with transcriptional regulation, eight with cell 

cycle, 10 genes with DNA repair or remodeling functions, 38 genes with Metabolism and twelve 

with oncogenesis. Five genes were related to reproductive functions. Transcription related genes 

were 11 in number. 26 genes were uncharacterized. Cell signaling related genes were 57. 12 

genes were related to immune response. 9 genes were involved in mitochondrial functions. The 

genes involved in Protein synthesis were 23 in number. 5 genes were involved in RNA 

modification. 20 genes showed homology with genes involved in transport mechanism. 

After analysis, we randomly selected “7” genes to confirm the expression pattern of microarray. 

Three genes were selected on the basis of literature and four from our data. Six genes were 

down-regulated and one was up-regulated with the progression of liver fibrosis. Out of these 

seven genes, four genes were novel; did not show homology with NCBI GenBank, one having 

homology with VIP, one with IFI-27 and one with OAS2. The microarray results were further 

validated by real-time PCR. 

This profiling significantly shows that the above mentioned four “Novel” genes are potentially 

associated with the step-wise progression of HCV-related chronic liver disease and these may 

represent bio-marker and/or therapeutic target for the same. 
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1. INTRODUCTION 

Hepatitis C is one of the common liver diseases around the world. It is caused by 

Hepatitis C virus (HCV). Although clinically silent for many years in majority of the 

cases, approximately 20% of the individuals chronically infected with HCV progress to 

serious liver disease, including cirrhosis and hepatocellular carcinoma (HCC). The 

mechanism leading to viral persistence and disease progression are not well understood 

and are difficult to study within the human population. HCV affects ≥ 270 million 

individuals world-wide (Wilson JA et al; 2003). The virus is a member of genus, 

Hepacivirus, in the family Flaviviridae (Miller RH et al; 1990). It is an enveloped virus 

containing 9.6 kb single stranded positive-sense RNA genome that encodes one large 

poly-proteins which C post-translationally cleaves into at least 10 structural and no non-

structural proteins that play a vital role in virus entry, replication, assembly and 

pathogenesis through host peptidase and viral protease activities (Luo, et al 2004, Reed et 

al;2000). 

HCV manifests a high degree of heterogeneity. There are six major genotypes and 

more than fifty sub-types present all over the world, according to a CDC report. In 

Pakistan, 6% population is infected with HCV. Most common genotype is 3a followed by 

3b and 1a (Parker et al., 1999; Idrees and Riazuddin, 2008). Recent studies show 

prevalence of genotypes 4a in combination with 1a too (). A strong correlation between 

Chronic HCV infections and HCC in Pakistan is associated with Genotype 3a than any 

other genotype (Idrees et al., 2009). 

  The only therapy currently available for HCV infection is the combination of 

Interferon alpha (IFN) and ribavarin (a guanosine analogue). A significant proportion of 

the population still develops serious disease as a consequence of HCV infection (Alter 

and Seeff, 2000).  

HCV persists despite humoral and cellular immune responses, which has been 

documented among individuals with resolving and persistent infections (Lechner et al, 

2000; Bassett et al; 2001). Due to lack of detailed information about viral life cycle, the 

highly effective anti-HCV drug production has been hampered. The mechanism of viral 

persistence is a largely unknown, although the high genetic variability is thought to play a 
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key role. Solving the mystery could point to new ways to treat hepatitis C; or more 

important, develop a vaccine to prevent it.  

The natural history of chronic HCV infection can vary dramatically between 

individuals. Some have only minimal or clinically insignificant liver disease and never 

develop complications while others may develop chronic infection leading to fibrosis, 

cirrhosis and hepatocellular carcinoma. Insult to the hepatocytes due to viral infection 

leads to activation of the immune system and the repair process starts. A/B-interferon 

(IFN A/B) is expressed by many cell types. These cytokines bind to specific 

transmembrane receptors and trigger a response that culminates in the induction of a 

large number of genes, many of which encode proteins with anti-viral or anti-

proliferative properties. Using gene expression profiling, a number of investigators have 

began to explore the complexities of the IFN (Der et al, 1998; Certa et al; 2001, De veer 

et al; 2001; Satonhand kuroda, 2001, Radaeve, 2002; Zimmer and Thomas, 2002).  

These chemical messengers direct the hepatic stellate cells (support cells) to 

activate and produce collagens, glycoprotein (e.g.fibronectin), proteoglycans, and other 

substances. These substances are deposited in the liver, causing the build-up of extra 

cellular matrix (non-functional connective tissue). Fibrosis occurs when excessive scar 

tissue builds up faster than it can be broken down and removed from the liver. In patients 

with HCV associated liver diseases, hepatic fibrosis is the most important factor for 

estimating clinical outcome and determining therapeutic strategy, especially interferon 

therapy. Progression of fibrosis is affected by several factors. The progression of liver 

disease leads to Cirrhosis, a condition in which the liver is severely scarred, its blood 

flow is restricted, and its ability to function is impaired. It is estimated that about 15-25% 

of people with chronic hepatitis will develop cirrhosis. About 20% of individuals with 

hepatitis C who have cirrhosis will develop end-stage liver disease. Individuals with 

cirrhosis from hepatitis C are at an increased risk of developing hepatocellular carcinoma 

(Primary liver cancer). In 80% of patients with cirrhosis, a single pass liver biopsy can 

correctly diagnose the stage of fibrosis. However, liver biopsy is an invasive procedure 

with associated morbidity that carries a significant cost. Thus, there is a need to establish 

non- invasive monitoring methods for assessing the severity of hepatic fibrosis (De 

Ceuninck et al, 2001).  
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Many attempts have been made to look for accurate non-invasive markers of 

disease activity and fibrosis. Up till now, several laboratory markers such as platelet 

count, ALT/AST ratio or level of hyaluronic acid have been proposed to represent hepatic 

fibrosis. But, this system of scoring is complicated and does not reflect the efficacy of 

IFN treatment in patients with HCV associated liver disease.  

Genes are biological messengers, some of which determine how the body 

responds to injury. The results from gene expression analysis may allow us to make 

predictions about likelihood of disease progression and /or response to treatment. In 

addition, we tested the blood for markers of injury. We have correlated the patterns of the 

outcome. It has provided us better understanding of how the disease process occurs, 

which may in turn help us to make more precise diagnoses of Chronic Hepatitis C 

infection without cumbersome invasive diagnostic procedures and develop new forms of 

treatment. As a serum marker of HCV associated fibrosis progression, DNA micro-array 

analysis could be performed to detect the candidate genes. DNA microarrays provide an 

unprecedented analytical tool for gene expression profiling. By implementing 

microarrays in a well-designed experiment, high-throughput simultaneous analysis of 

mRNA of thousands of genes can be done (Aharoni and Vorst 2002; Lockhart and 

Winzeler 2000). Molecular profiling by DNA micro-array has already identified potential 

genetic targets which have a role in the pathogenesis of HCV associated hepatitis, and 

more importantly possible targets which have a role in response to Interferon treatment. 

This proposed work might lead to improved diagnostic and treatment modalities for 

HCV. 

The purpose of this study was to: find the genes that are differentially expressed 

both in the circulating white blood cells and the liver of patients with varying degrees of 

liver damage (fibrosis); and, to see if there is any possible correlation of chemical 

biomarkers with different stages of fibrosis. 

 

 

 
 
 
 



4 

 

2. LITERATURE REVIEW 

2.1. What is Hepatitis C? 

 Hepatitis C is an infectious disease affecting the liver, caused by the hepatitis C 

virus (HCV). The infection is often asymptomatic, but once established, chronic infection 

can progress to scarring of the liver (fibrosis), and advanced scarring (cirrhosis) which is 

generally apparent after many years. In some cases, those with cirrhosis will go on to 

develop liver failure or other complications of cirrhosis, including liver cancer or life 

threatening esophageal varices and gastric varices (Ryan and Ray, 2004). 

2.2. Types of Hepatitis C:  

 The term acute hepatitis refers to a small percentage of patients (10-25%) who 

spontaneously clear the virus during first 6 months or fewer after HCV infection. After 

acute infection, HCV RNA may become detectable in the serum/plasma in as little as 2 

weeks in the majority of cases; patients develop mild constitutional symptoms, including 

abdominal pain, nausea, vomiting, anorexia, and fatigue. During acute infection, serum 

amino-transferases often peak >100 IU/ml and may return to normal levels (Jason et al., 

2008). A strong HCV-specific CD8+ T-cell response, probably responsible for acute liver 

damage, is correlated with the control of viremia during the acute phase (Bowen and 

Walker, 2005; Guidotti and Chisari, 2006). 

 Majority of HCV infected individuals are unable to clear the virus during the 

acute phase and become chronically infected. Chronic hepatitis C is characterized by 

liver inflammation, fibrosis and cirrhosis, and in some patients HCC. The early stage of 

chronic infection is typically characterized by a prolonged asymptomatic period. 

Spontaneous clearance of viremia, once chronic infection has been established, is rare. 
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Most chronic infections will lead to hepatitis and to some degree of fibrosis. At this stage 

of disease the risk of developing HCC is 1-4% per year (Tsukuma et al., 1993). In 

patients with clinical or biological signs of chronic liver disease, chronic hepatitis C is 

certain when both anti-HCV antibodies and HCV RNA (sought with a sensitive 

technique, detecting 50 IU/ml or less) are present (Pawlotsky et al.,1998). More than 

80% chronically infected patients with hepatitis C will develop liver cirrhosis in less than 

20 years. In patients with HCV related cirrhosis, mortality related to portal hypertension, 

hepatic failure or HCC is 2-5% per year (Alberti et al., 1999). 

2.3. Hepatitis C virus: 

 Before the discovery of HCV, the non-A, non-B agent was considered to be a 

30-60nm particle with a lipid envelope (Feinstone et al., 1975). More recent filtration and 

electron microscopic studies of virions, purified from the serum of HCV infected 

individuals, have confirmed HCV particles to be an enveloped virus of approximately 40-

70nm in diameter (Wakita et al., 2005; Shimizu et al., 1996). The nucleocapsid of viral 

particle exhibits an icosahedral structure and surrounded by a lipid-containing envelope 

with surface spike-like projections of viral envelope glycoproteins (Takahashi et al., 

1992) (Figure 2.1). It is much easier to consider HCV as a single organism but in fact it 

is a range of viruses, similar enough to be called HCV, yet different enough to be 

classified into subgroups. The development of vaccine has been hampered by the great 

heterogeneity of the HCV genome, so the main emphasis should be on treatment. HCV 

was the first virus discovered by molecular cloning without the direct use of biologic or 

biophysical methods (Choo et al., 1989). Substantial genetic diversity exists so based on 

nucleotide sequence comparisons HCV is classified into 6 genetically distinct genotypes 
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2.5. Modes of Transmission: 

2.5.1. Parenteral Transmission:  

The main route of HCV transmission is parenteral, and majority of patients give 

history either of intravenous drug abuse or a blood/blood product transfusion before 

testing for HCV. Intravenous drug abuse is a major risk factor for HCV infection. 

(Strader et al 1990) 

In 1989, Zuckerman reported the presence of anti-HCV antibody in 85% of post 

transfusion hepatitis (PTH) patients, 60-80% of hemophilic patients receiving blood 

products, 60-70% of cases of chronic liver disease with a history of blood transfusion and 

50-70% of intravenous drug abusers (Booth et al 2001).  

Other parenteral routes of transmission include hemodialysis, organ 

transplantation, tattooing, use of non-sterilized knives and non-sterilized needles in large 

scale immunization programmed may have contributed to the spread of HCV in these 

communities. Transmission has also been documented following needle sticks especially 

in health workers (Booth et al 2001). 

The condition is not good in Pakistan, according to (Umar et al., 2000) who also 

studied 600 diagnosed cases of CLD and found that contaminated syringe is the major 

cause of disease transmission in Pakistan. In this study they concluded that 81% of CLD 

cases contracted the illness by syringe and 25% due to blood transfusion. Another threat 

is now rising in the form of needle sharing during mass immunization and using 

improperly sterilized instruments during surgery. 
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2.5.2 Non-Parenteral Transmission. 

2.5.3. Sexual Transmission. 

Epidemiological studies show low rates of HCV infection in prostitutes, 

homosexuals and patients with sexually transmitted diseases. (Booth et al 2001). Study 

conducted in Pakistan showed history of sexual contact in 35% of HCV Positive patients. 

(Umar et al 2000). Study conducted by Kotwal and coworker, detected the presence of 

HCV specific viral antigen in the semen of nine patients with well documented HCV 

infection. Recent studies have failed to support these findings. Few studies were unable 

to detect HCV by PCR in semen urine, stool or vaginal secretions. According to Kotwal 

and coworker possible explanation for difficulty in detection of HCV is extremely low 

number of virus particles in the semen of hepatitis patients (Kotwal et al 1992). However, 

multiple sexual partners, patients with sexually transmitted diseases and prostitution are 

associated with an increased risk of HCV infection.          

2.5.4. Vertical Transmission. 

The risk of vertical transmission seems to be low (<6% of children becoming 

HCV positive) unless mother is HIV positive of has a particularly high level of viraemia. 

Breast-feeding has not so far been implicated in HCV transmission and the virus has not 

been found in breast milk (Booth et al., 2001). 

2.5.5. Alternate Routes of Transmission. 

Perhaps unapparent potential exposure may occur by sharing razors or tooth 

brushes. 
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2.6. Natural History of Hepatitis C Virus Infections. 

The evolution of the disease is best studied in post transfusion hepatitis. A rise in 

serum aminotransferase follows parenteral infection in nine weeks. Minorities of patients, 

about 30% of cases develop jaundice and 60% develop chronic hepatitis. It is seen that 

early resolution of acute HCV infection is often associated with clearance of HCV-RNA 

from the serum. In a study of post transfusion hepatitis in USA, no excess of mortality 

after up to 18 years of clinical follow up was found. The disease is slowly progressive. 

Between 10-30% of patients with chronic liver disease develop cirrhosis within 10 years 

of infection. The development of hepatocelluar carcinoma requires another 10 years and 

occurs in 10% of those with cirrhosis (Dhillon and Dusheiko, 1995).McMahon and co 

researchers reported that 15% of HCV infected cases develop HCC. According to booth 

et al HCV is a major cause of CLD and 10-20% of patients having HCV infection 

ultimately develop cirrhosis.    

2.7. HCV Genome and Life Cycle 

2.7.1. HCV Genome Organization and Function 

The Flaviviridae family is divided into three genera: flavivirus, pestivirus, and 

hepacivirus. Flaviviruses include yellow fever virus, dengue fever virus, Japanese 

encephalitis virus, and Tick-borne encephalitis virus. Pestiviruses include bovine viral 

diarrhea virus, classical swine fever virus and Border disease virus. HCV, with at least 6 

genotypes and numerous subtypes, is a member of the hepacivirus genus, which includes 

tamarin virus and GB virus B (GBV-B) and is closely related to human virus GB virus C 

(GBV-C) (Lindenbach and Rice, 2001). 
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The members of the Flaviviridae family share a number of basic structural and 

virological characteristics. They are all enveloped in a lipid bilayer in which two or more 

envelope proteins (E) are anchored. The envelope surrounds the nucleocapsid, which is 

composed of multiple copies of a small basic protein (core or C), and contains the RNA 

genome. The Flaviviridae genome is a positive-strand RNA molecule ranging in size 

from 9.6 to 12.3 thousand nucleotides (nt), with an open reading frame (ORF) encoding a 

polyprotein of 3000 amino acids (aa) or more. The structural proteins are encoded by the 

N-terminal part of the ORF, whereas the remaining portion of the ORF codes for the 

nonstructural proteins. Sequence motif-conserved RNA protease-helicase and RNA-

dependant RNA polymerase (RdRp) are found at similar locations in the polyproteins of 

all of the Flaviviridae (Miller and Purcell, 1990). In addition, all Flaviviridae share 

similar polyprotein hydropathic profile, with flaviviruses and hepaciviruses being closer 

to each other than to pestiviruses (Choo et al., 1991). The ORF is flanked in 5' and 3' by 

untranslated regions (UTR) of 95–555 and 114–624 nt in length, respectively, which play 

an important role in polyprotein translation and RNA replication  (Thurner et al., 2004).  

Flaviviridae bind to one or more cellular receptors organized as a receptor 

complex and appear to trigger receptor-mediated endocytosis. Fusion of the virion 

envelope with cellular membranes delivers the nucleocapsid to the cytoplasm. After 

decapsidation, translation of the viral genome occurs in the cytoplasm, leading to the 

production of a precursor polyprotein, which is then cleaved by both cellular and viral 

proteases into structural and nonstructural proteins. Replication of the viral genome is 

carried out by the viral replication complex which is associated with cellular membranes 

and resistant to actinomycin D. Viral replication occurs in the cytoplasm via the synthesis 
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of full-length negative-strand RNA intermediates. Progeny virions are assembled from 

cytoplasmic vesicles formed by budding through intracellular membranes. Finally, 

mature virions are released into the extracellular milieu by excytosis. 

Despite the above-mentioned similarities with the members of other Flaviviridae 

genera, HCV does exhibit a number of virological, epidemiological as well as 

pathophysiological differences. Flavivirus translation is cap-dependent, i.e. mediated by a 

type I cap structure located in the 5' UTR (m7GpppAmp), followed by the conserved AG 

sequence and a relatively short stretch upstream of the polyprotein coding region (Brinton 

and Dispoto, 1988). In contrast, the HCV 5' UTR is not capped and, like that of 

pestiviruses and GB viruses, folds into a complex secondary RNA structure forming, 

together with a portion of the core-coding domain, an internal ribosome entry site (IRES) 

that mediates direct binding of ribosomal subunits and cellular factors and subsequent 

translation (see Whereas the flavivirus 3' UTR is highly structured, the HCV 3' UTR is 

relatively short, less structured and contains a poly-uridyl tract that varies in length. 

HCV has a narrow host specificity and tissue tropism. HCV is transmitted 

exclusively through direct blood-to-blood contacts between humans. Flaviviruses are 

principally vectored by mosquitoes or ticks and can infect a broad range of vertebrate 

animals, with humans being a dead-end host that does not participate in the perpetuation 

of virus transmission. No known pestivirus can infect humans and no known insect vector 

has been identified. Infections caused by flaviviruses are acute-limited in vertebrate 

animals, whereas HCV has a high chronicity rate in humans (50%–80%, depending on 

the age at infection). Strong and adapted humoral and cellular immune responses have 

been shown to be involved in flavivirus and pestivirus infection recovery and protection. 
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structural proteins [Core (C), E1 and E2] located in the N-terminal third and the 

nonstructural (NS2-5) proteins in the remainder. Dots in E1 and E2 indicate the 

glycosylation of the envelope proteins (6 and 11 N-linked glycans, respectively). Putative 

functions of the cleavage products are also shown. 

2.8. Liver response 

2.8.1. Clinical manifestations 

The course of disease varies widely among infected persons. HCV infection is 

hardly ever diagnosed during the acute phase. The majority of persons have either none 

or only mild and unspecific symptoms after exposure to HCV. Nevertheless, clinical 

manifestations of acute hepatitis consisting of jaundice, malaise and nausea can occur in 

some patients, usually within 7 to 8 weeks after infection (Lauer GM et al., 2001). 

Progression to chronic disease occurs in about 70-80% of infected persons, whereas 20-

30% shows spontaneous recovery. The early stage of chronic infection is typically 

characterized by a prolonged asymptomatic period. Spontaneous clearance of viremia, 

once chronic infection has been established, is rare. Most chronic infections will lead to 

hepatitis and to some degree of fibrosis. 10-20% of those infected chronically develop 

liver cirrhosis. At this stage of the disease the risk of developing hepatocellular 

carcinoma (HCC) is 1-4% per year (Tsukuma et al 1993). Factors that increase the risk of 

clinical disease progression include alcohol intake, co-infection with hepatitis B virus 

(HBV) (Zarski JP et al., 1998) or HIV-1 (Sanchez-Quijano et al., 1998). male sex and 

older age at infection. In this high-risk group, cirrhosis can develop within 20 years or 

less after infection.  
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complication (Agnello V et al., 1992). A higher incidence of B cell non-Hodgkin's 

lymphoma (Pozzato G et al ., 1994), Sjögren’s syndrome Haddad J 1992 autoimmune 

thyroiditis, idiopathic pulmonary fibrosis and dermatologic manifestations like Lichen 

planus and porphyria cutanea tarda in association with HCV infection has been observed 

(Zignego AL et al ., 1999).  

2.8.2. Liver fibrosis: 

Liver fibrosis is a highly dynamic process in which multiple genes interact with 

environmental factors. Recent human epidemiologic studies have identified possible 

polymorphisms in a number of candidate genes that influence the progression of liver 

fibrosis. Polymorphisms in genes encoding immunoregulatory proteins, proinflammatory 

cytokines, and fibrogenic factors may influence disease progression in patients with 

alcohol-induced liver disease, primary biliary cirrhosis, or chronic hepatitis C.  

Liver fibrosis results from chronic damage to the liver in conjunction with the 

accumulation of ECM proteins, which is a characteristic of most types of chronic liver 

diseases (Friedman, 2003). The main causes of liver fibrosis in industrialized countries 

include chronic HCV infection, alcohol abuse, and nonalcoholic steatohepatitis (NASH). 

The accumulation of ECM proteins distorts the hepatic architecture by forming a fibrous 

scar, and the subsequent development of nodules of regenerating hepatocytes defines 

cirrhosis. Cirrhosis produces hepatocellular dysfunction and increased intrahepatic 

resistance to blood flow, which result in hepatic insufficiency and portal hypertension, 

respectively (Gines et al., 2004). 
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Hepatic fibrosis was historically thought to be a passive and irreversible process 

due to the collapse of the hepatic parenchyma and its substitution with a collagen-rich 

tissue (Popper et al., 1970; Schaffner and Kilon, 1968). Currently, it is considered a 

model of the wound-healing response to chronic liver injury (Albanis et al., 2001). Early 

clinical reports in the 1970s suggested that advanced liver fibrosis is potentially 

reversible (Soyer et al., 1976). However, liver fibrosis received little attention until the 

1980s, when hepatic stellate cells (HSCs), formerly known as lipocytes, Ito cells, or 

perisinusoidal cells, were identified as the main collagen-producing cells in the liver 

(Friedman et al., 1985). This cell type, first described by von Kupffer in 1876, undergoes 

a dramatic phenotypic activation in chronic liver diseases with the acquisition of 

fibrogenic properties (Geerts et al., 2001). Experimental models for studying liver 

fibrogenesis in rats and in transgenic mice were developed, which corroborated the cell 

culture studies and led to the identification of key fibrogenic mediators (Friedman et al., 

1992; Otto et al., 1980; Rockey et al., 1992). Besides HSCs, portal myofibroblasts and 

cells of bone marrow origin have been recently shown to exhibit fibrogenic potential 

(Ramadori and Saile, 2004; Forbes et al., 2004). At the clinical level, the natural history 

of liver fibrosis, from early changes to liver cirrhosis, was delineated in patients with 

chronic HCV infection (Poynard et al., 2000; Poynard et al., 1997). Rapid and slower 

fibrosers were identified, and genetic and environmental factors influencing fibrosis 

progression were partially uncovered  (Bataller et al. 2003). Since the demonstration, in 

the 1990s, that even advanced liver fibrosis is reversible, researchers have been 

stimulated to identify antifibrotic therapies (Hammel et al., 2001). Biotechnology and 

pharmaceutical companies are increasingly interested in developing antifibrotic 
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programs, and clinical trials are currently underway. However, the most effective therapy 

for treating hepatic fibrosis to date is still to remove the causative agent (Bataller and 

Brenner, 2001). A number of drugs are able to reduce the accumulation of scar tissue in 

experimental models of chronic liver injury. Renin-angiotensin system blockers and 

antioxidants are the most promising drugs, although their efficacy has not been tested in 

humans. Lack of clinical trials is due to the requirement of long follow-up studies and to 

the fact that liver biopsy, an invasive procedure, is still the gold-standard method for 

detecting changes in liver fibrosis. The current effort to develop noninvasive markers to 

assess liver fibrosis is expected to facilitate the design of clinical trials. 

2.9. Natural History and Diagnosis 

The natural history of liver fibrosis is influenced by both genetic and 

environmental factors. Epidemiological studies have identified polymorphisms in a 

number of candidate genes that may influence the progression of liver fibrosis in humans. 

These genetic factors may explain the broad spectrum of responses to the same 

etiological agent found in patients with chronic liver diseases. However, some studies 

have yielded contradictory results due to poor study design, and further research is 

required to clarify the actual role of genetic variants in liver fibrosis. Liver biopsy is 

considered the gold-standard method for the assessment of liver fibrosis (Berenguer et al 

2003). Histologic examination is useful in identifying the underlying cause of liver 

disease and assessing the necroinflammatory grade and the stage of fibrosis. Fibrosis 

stage is assessed by using scales such as Metavir (stages I–IV) and Ishak score (stages I–

V). Specific staining of ECM proteins (e.g., with Sirius red) can be used to quantify the 
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degree of fibrosis, using computer-guided morphometric analysis. Liver biopsy is an 

invasive procedure, with pain and major complications occurring in 40% and 0.5% of 

patients, respectively (Thampanitchawong and piratvisuth 1999). Sampling error can 

occur, especially when small biopsies are analyzed. Histologic examination is prone to 

intra- and interobserver variation and does not predict disease progression (Regev et al. 

2002). Therefore, there is a need for reliable, simple, and noninvasive methods for 

assessing liver fibrosis. Scores that include routine laboratory tests, such as platelet count, 

aminotransferase serum levels, prothrombin time, and serum levels of acute phase 

proteins have been proposed  (Imbert-Bismut et al. 2001; Forns et al. 2002). Serum levels 

of proteins directly related to the hepatic fibrogenic process are also used as surrogate 

markers of liver fibrosis (Fontana et al. 2002), including N-terminal propeptide of type III 

collagen, hyaluronic acid, tissue inhibitor of metalloproteinase type 1 (TIMP-1), and 

YKL-40. Although these scores are useful in detecting advanced fibrosis (cirrhosis) in 

patients, as well as minimal or no fibrosis, they are not effective for differentiating 

intermediate grades of fibrosis. Also, fibrosis-specific markers may reflect fibrogenesis in 

other organs (i.e., pancreatic fibrosis in alcoholic patients). Finally, hepatic fibrosis can 

be estimated by imaging techniques. Ultrasonography, computed tomography, and MRI 

can detect changes in the hepatic parenchyma due to moderate to severe fibrosis (Hirata 

et al. 2001). Due to its low cost, ultrasonography is an appealing technique. It is able to 

detect liver cirrhosis based on changes in liver echogenicity and nodularity as well as 

signs of portal hypertension. However, ultrasound is highly operator-dependent, and the 

presence of increased liver echogenicity does not reliably differentiate hepatic steatosis 

from fibrosis. Noninvasive methods currently in development include blood protein 
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profiling using proteomic technology and new clinical glycomics technology, which is 

based on DNA sequencer/fragment analyzers able to generate profiles of serum 

protein N-glycans (Callewaert et al. 2004). As the technology becomes validated, the 

noninvasive diagnosis of liver disease may become routine clinical practice. 

2.10. Pathogenesis of Liver Fibrosis: 

Hepatic fibrosis is the result of the wound-healing response of the liver to repeated injury 

(Friedman, 2003). After an acute liver injury (e.g., viral hepatitis), parenchymal cells 

regenerate and replace the necrotic or apoptotic cells. This process is associated with an 

inflammatory response and a limited deposition of ECM. If the hepatic injury persists, 

then eventually the liver regeneration fails, and hepatocytes are substituted with abundant 

ECM, including fibrillar collagen. The distribution of this fibrous material depends on the 

origin of the liver injury. In chronic viral hepatitis and chronic cholestatic disorders, the 

fibrotic tissue is initially located around portal tracts, while in alcohol-induced liver 

disease, it locates in pericentral and perisinusoidal areas (Pinzani, 1999). As fibrotic liver 

diseases advance, disease progression from collagen bands to bridging fibrosis to frank 

cirrhosis occurs (Pinzani, 1999). 

Following chronic liver injury, inflammatory lymphocytes infiltrate the hepatic 

parenchyma. Some hepatocytes undergo apoptosis, and Kupffer cells activate, releasing 

fibrogenic mediators. HSCs 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 HSCs causes increased resistance to blood 

flow in the hepatic sinusoid.  
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Liver fibrosis is associated with major alterations in both the quantity and 

composition of ECM (Benyon and Iredale, 2000). In advanced stages, the liver contains 

approximately 6 times more ECM than normal, including collagens (I, III, and IV), 

fibronectin, undulin, elastin, laminin, hyaluronan, and proteoglycans. Accumulation of 

ECM results from both increased synthesis and decreased degradation (Gabele et al 

2003). Decreased activity of ECM-removing MMPs is mainly due to an overexpression 

of their specific inhibitors (TIMPs). 

HSCs are the main ECM-producing cells in the injured liver (Milani et al. 1990). 

In the normal liver, HSCs reside in the space of Disse and are the major storage sites of 

vitamin A. Following chronic injury, HSCs activate or transdifferentiate into 

myofibroblast-like cells, acquiring contractile, proinflammatory, and fibrogenic 

properties (Marra, 1999; Lindquist et al. 2000). Activated HSCs migrate and accumulate 

at the sites of tissue repair, secreting large amounts of ECM and regulating ECM 

degradation. PDGF, mainly produced by Kupffer cells, is the predominant mitogen for 

activated HSCs. Collagen synthesis in HSCs is regulated at the transcriptional and 

posttranscriptional levels (Lindquist et al. 2004). Increased collagen mRNA stability 

mediates the increased collagen synthesis in activated HSCs. (Lindquist et al. 2004). 

Interestingly, HSCs express a number of neuroendocrine markers (e.g., reelin, nestin, 

neurotrophins, synaptophysin, and glial-fibrillary acidic protein) and bear receptors for 

neurotransmitters (Geerts et al. 2001; Sato et al. 2003; Oben et al. 2003). Quiescent HSCs 

express markers that are characteristic of adipocytes (PPARγ, SREBP-1c, and leptin), 

while activated HSCs express myogenic markers (α smooth muscle actin, c-myb, and 

myocyte enhancer factor–2) (Oben et al. 2003).  
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Hepatic cell types other than HSCs may also have fibrogenic potential. 

Myofibroblasts derived from small portal vessels proliferate around biliary tracts in 

cholestasis-induced liver fibrosis to initiate collagen deposition (Kinnman and Housset, 

2002; Magness et al. 2004). HSCs and portal myofibroblasts differ in specific cell 

markers and response to apoptotic stimuli (Knittel et al. 1999). Culture of CD34+CD38–

 hematopoietic stem cells with various growth factors has been shown to generate HSCs 

and myofibroblasts of bone marrow origin that infiltrate human livers undergoing tissue 

remodeling (Forbes et al. 2004; Suskind et al 2004). These data suggest that cells 

originating in bone marrow can be a source of fibrogenic cells in the injured liver. Other 

potential sources of fibrogenic cells (i.e., epithelial-mesenchymal transition and 

circulating fibrocytes) have not been demonstrated in the liver (Phillips et al. 2004; 

Kalluri et al. 2003). The relative importance of each cell type in liver fibrogenesis may 

depend on the origin of the liver injury. While HSCs are the main fibrogenic cell type in 

pericentral areas, portal myofibroblasts may predominate when liver injury occurs around 

portal tracts (Kalluri et al. 2003). 

A complex interplay among different hepatic cell types takes place during hepatic 

fibrogenesis (Kmiec et al. 2001). Hepatocytes are targets for most hepatotoxic agents, 

including hepatitis viruses, alcohol metabolites, and bile acids (Higuchi et al. 2003). 

Damaged hepatocytes release ROS and fibrogenic mediators and induce the recruitment 

of white blood cells by inflammatory cells. Apoptosis of damaged hepatocytes stimulates 

the fibrogenic actions of liver myofibroblasts (Canbay et al. 2004). Inflammatory cells, 

either lymphocytes or polymorphonuclear cells, activate HSCs to secrete collagen (Casini 

et al. 1997). Activated HSCs secrete inflammatory chemokines, express cell adhesion 
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molecules, and modulate the activation of lymphocytes (Vinas et al. 2003). Therefore, a 

vicious circle in which inflammatory and fibrogenic cells stimulate each other is likely to 

occur (Maher, 2001). Fibrosis is influenced by different T helper subsets, the Th2 

response being associated with more active fibrogenesis (Maher, 2001). Kupffer cells are 

resident macrophages that play a major role in liver inflammation by releasing ROS and 

cytokines (Shi et al. 1997; Thurman et al. 1998). In chronic cholestatic disorders (i.e., 

primary biliary cirrhosis [PBC] and primary sclerosis cholangitis), epithelial cells 

stimulate the accumulated portal myofibroblasts to initiate collagen deposition around 

damaged bile ducts (Suskind et al 2004). Finally, changes in the composition of the ECM 

can directly stimulate fibrogenesis. Type IV collagen, fibrinogen, and urokinase type 

plasminogen activator stimulate resident HSCs by activating latent cytokines such as 

TGF-β1 (Gressner et al. 2002). Fibrillar collagens can bind and stimulate HSCs via 

discoidin domain receptor DDR2 and integrins. Moreover, the altered ECM can serve as 

a reservoir for growth factors and MMPs (Olaso et al. 2001). 

2.10.1. Cellular mechanisms of liver fibrosis.  

Different types of hepatotoxic agents produce mediators that induce inflammatory 

actions in hepatic cell types. Damaged hepatocytes and biliary cells release inflammatory 

cytokines and soluble factors that activate Kupffer cells and stimulate the recruitment of 

activated T cells. This inflammatory milieu stimulates the activation of resident HSCs 

into fibrogenic myofibroblasts. Activated HSCs also secrete cytokines that perpetuate 

their activated state. If the liver injury persists, accumulation of activated HSCs and 

portal myofibroblasts occurs, synthesizing large amounts of ECM proteins and leading to 
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tissue fibrosis. ECM degradation is inhibited by the actions of cytokines such as TIMPs. 

Apoptosis of damaged hepatocytes stimulates the fibrogenic actions of HSCs. If the cause 

of the liver injury is removed, fibrosis is resolved. This phase includes apoptosis of 

activated HSCs and regeneration of hepatocytes. Collagen is degraded by increased 

activety of MMPs induced by decreased TIMP expression. CCL21, C-C chemokine 

ligand 21; MCP-1, monocyte chemoattractant protein–1; MIP-2, macrophage 

inflammatory protein–2; NS3, HCV nonstructural protein 3; NS5, HCV nonstructural 

protein 5; PAF, platelet-activating factor. 

2.10.2. Fibrosis Progression 

In the setting of persistent hepatitis C viremia, the rate of progression of liver 

fibrosis varies widely. There have been extensive studies focusing on the natural course 

of disease progression from chronic hepatitis C to cirrhosis, HCC, and death. The liver 

biopsy is the gold standard for the grading and staging of chronic hepatitis C. The activity 

of liver disease or grade, is gauged by the number of mononuclear inflammatory cells 

present in and around the portal areas, and by the number of dead or dying hepatocytes. 

The structural liver damage, also known as fibrosis or stage, is variable in chronic HCV 

infection. Fibrosis implies possible progression to cirrhosis. In mild cases, fibrosis is 

limited to the portal and periportal areas. More advanced changes are defined by fibrosis 

that extends from one portal area to another, also known as "bridging fibrosis.” 

2.10.3. Fibrosis Stages and Necroinflammation activity Grade 

Activity (necroinflammation) and fibrosis are two major histologic features of 

chronic hepatitis C included in different proposed classifications. One of the few 
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validated scoring systems is called the METAVIR scoring system. This system assesses 

histologic lesions in chronic hepatitis C using two separate scores, one for 

necroinflammatory grade (A for activity) and another for the stage of fibrosis (F). These 

scores are defined as follows; stages of fibrosis (F): F0, no fibrosis; F1, portal fibrosis 

without septa; F2, portal fibrosis with rare septa, F3, numerous septa without cirrhosis; 

F4, cirrhosis. Grade for activity (A): A0, no histologic necroinflammatory activity; A1, 

minimal activity, A2, moderate activity, A3, severe activity. The degree of activity was 

assessed by integration of the severity of the intensity of both piecemeal (periportal) 

necrosis and lobular necrosis as described in a simple algorithm. The intra- and 

interobserver variations of this METAVIR scoring system are lower than those of the 

widely used Knodell scoring system. For METAVIR fibrosis stages there is an almost 

perfect concordance (kappa = 0.80) among pathologists. 

2.10.4. Metavir Scoring system 

The Metavir scoring system was specially designed for patients with hepatitis C. The 

scoring consists of using a grading and a staging system. The grade gives an indication of 

the activity or amount of inflammation and the stage represents the amount of fibrosis or 

scarring. The grade is assigned a number based on the degree of inflammation, which is 

usually scored from 0-4 with 0 being no activity and 3 or 4 considered severe activity. 

The amount of inflammation is important because it is considered a precursor to fibrosis. 

The fibrosis score is also assigned a number from 0-4: 

• 0 = no scarring 

• 1 = minimal scarring 
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2006; El Yahyaoui et al 2004;   Wu et al 2005; Brinker et al 2004; Klok et al 2002; Zhou 

et al 2003; Seki et al 2001; Seki et al 2002). 

Microarray data offer an insight into the transcriptional responses of a genome to 

a particular mutational event or environmental insult. Microarray-based assay technology 

provides investigators with the ability to measure the expression profile of thousands of 

genes in a single experiment. The concept of this technology appeared as an 

oligonucleotide array on a solid surface in the early 1990s (Fodor et al 1991, 1993; 

Chetverin and Kramer 1993; Pease et al 1994). Subsequently, the complementary DNA 

(cDNA) microarray was developed by Patrick O. Brown's group at Stanford University in 

1995 (Schena et al 1995). In microarray-based technologies, the solid surface, such as a 

glass slide, contains hundreds to thousands of immobilized DNA (probe) spots which can 

be simultaneously hybridized with two samples (targets) labeled with different 

fluorescent dyes. The terms " probe " and "target" have been used to denote immobilized 

DNA on a support and labeled cDNA synthesized from an RNA sample, respectively, by 

the group of developers (Shalon et al 1996).  

2.11.1. Different formats of microarray-based technologies. 

Currently, there are two different formats of microarray-based technologies 

dependent on the immobilized nucleic acid components, i.e., the oligonucleotide array 

and the cDNA microarray. The oligonucleotide array consists of oligonucleotide, 

generally less than 25 mer in length (Shoemaker et al 1996; Fambrough et al 1999; 

Lipshutz et al 1999), which are generated in situ on a solid surface by light-directed 

synthesis (GeneChip®, Affymetrix, Inc., Santa Clara, CA, USA) (Fodor et al 1991; Hacia 
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et al 1996). In contrast, the cDNA microarray is fabricated by the printing of cloned and 

amplified cDNAs onto the solid surface. The advantages of the cDNA microarray 

compared with the oligonucleotide array have been thought to include less susceptibility 

and higher specificity due to the longer sequences of the targets (Bilban et al 2000).  

2.11.2. The Use and Analysis of Microarray Data: 

Functional genomics is the study of gene function through the parallel expression 

measurements of genomes, most commonly using the technologies of microarrays and 

serial analysis of gene expression. Microarray usage in drug discovery is expanding, and 

its applications include basic research and target discovery, biomarker determination, 

pharmacology, toxicogenomics, target selectivity, development of prognostic tests and 

disease-subclass determination. Specific protocols differ, the microarray approach first 

involves isolating RNA or messenger RNA from appropriate biological samples, making 

the RNA (or a copy of it) fluorescent, hybridizing it to the microarray, washing off the 

excess and scanning the microarray under laser light. cDNA, complementary DNA; 

cRNA, complementary RNA. 

2.11.3. Uses of microarray: 

Genomics refers to the comprehensive study of genes and their function. Recent 

advances in bioinformatics and high-throughput technologies such as microarray analysis 

are bringing about a revolution in our understanding of the molecular mechanisms 

underlying normal and dysfunctional biological processes. Microarray studies and other 

genomic techniques are also stimulating the discovery of new targets for the treatment of 

disease which is aiding drug development, immunotherapeutics and gene therapy.  
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2.11.4. Genes Expression profiling by Microarray 

Gene expression profiling or microarray analysis has enabled the measurement of 

thousands of genes in a single RNA sample. There are a variety of microarray platforms 

that have been developed to accomplish this and the basic idea for each is simple: a glass 

slide or membrane is spotted or "arrayed" with DNA fragments or oligonucleotides that 

represent specific gene coding regions. Purified RNA is then fluorescently- or 

radioactively labeled and hybridized to the slide/membrane. In some cases, hybridization 

is done simultaneously with reference RNA to facilitate comparison of data across 

multiple experiments. After thorough washing, the raw data is obtained by laser scanning 

or autoradiographic imaging . At this point, the data may then be entered into a database 

and analyzed by a number of statistical methods.  Gene expression microarrays have been 

used in numerous applications, including identifying novel genes associated with certain 

cancers, classifying tumors, and predicting patient outcome. So far, though, microarray 

studies have been performed by individual institutions. Evaluation of the potential 

clinical use of microarrays may require larger studies carried out in multiple locations 

and would necessitate that microarray data produced in different laboratories be 

combined for analysis. Even if all procedures and equipment were the same, small 

differences between labs, such as in handling the tissue samples, extracting the RNA, or 

scanning the microarrays, could result in different profiles. 
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3. MATERIAL AND METHODS 

3.1. Study/ Sampling Area: 

This study was conducted at Department of Pathology, Jinnah Hospital Lahore 

with collaboration of Applied and Functional Genomics Lab, National Centre of 

Excellence in Molecular Biology, University of the Punjab, Lahore. IRB approved it. 

The study included 103 patients (M/F 63/40; mean age 38.1 ± 10.2, age range 18-

65 years) admitted to Jinnah Hospital. The controls were normal liver samples of healthy 

adults.Patients’ criteria for inclusion or exclusion for the study were as follows:- 

3.2. Inclusion Criteria: 

 Adult (18 years old or older) patients. 

 Positive serology and/or positive RNA test for HCV alone. 

 No evidence of liver failure. 

 Willingness to give informed consent. 

 Willingness to be able to make follow-up visits if needed. 

 Willingness to be able to give extra biopsy samples needed for 

research. 

 They must be willing to undergo genetic testing and allow samples 

to be stored for future research. 

3.3. Exclusion Criteria: 

 Pregnant females. 

 HBV positive. 

 Severe anemia. 

 Alcoholic patients. 
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 Patients affected with other diseases such as diabetes, HPV, HBV, 

HIV, Leukemia etc. 

 Have any other condition which the attending physician considers 

a contra indication to the procedure. 

3.4. Histological evaluation of biopsy samples: 

The histological evaluation of paraffin-embedded liver specimens was done at 

pathology department Jinnah Hospital, Lahore according to METAVIR scoring system. 

Liver biopsies were evaluated by two independent pathologists without prior information 

to patient’s history. Histological staging based on the degree of fibrosis have five degrees 

of fibrosis: as F0 (no fibrosis), F1 (mild fibrosis without septa) F2 (moderate fibrosis with 

few septa), F3 (severe fibrosis with numerous septa without cirrhosis) and F4 = cirrhosis. 

We also tried to find the correlation of biochemical markers with histo-pathological 

stages. 

3.5. HCV detection and genotyping  

HCV detection and genotyping was performed at the Department of Pathology, 

Jinnah Hospital Lahore, Pakistan. RNA was extracted from 140 μL of serum samples 

using QIAamp viral RNA extraction kit (Qiagen, USA) according to the manufacturer’s 

protocol. cDNA was synthesized using Moloney murine leukemia virus (MmLV) 

followed by polymerase chain reaction (PCR) using primers derived from the 5’UTR 

non-coding region of HCV genome described by Chan et al[21]. For HCV RNA 

quantification, Qiagen HCV RG RT-PCR assay was used. Quantification was carried out 

with 10 μL of the extracted RNA on Rotor-gene Real-Time PCR machine (USA) using 

fluorescent probes to detect amplification after each replicating cycle as described by 
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manufacturer protocol. The lower limit of detection for this assay is 3.8 IU/mL HCV and 

genotyping was carried out using Invader HCV genotyping assay (Third wave 

technology, USA). Briefly, 100 ng of the HCV RNA was reverse transcribed to cDNA 

using 200 units of MmLV (Invitrogen, USA). From the amplified product, 2 μL were 

taken and the genotyping assay was performed for 12 different HCV types. 
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↓ 
Significant Genes 

↓ 
Verification by RT-PCR 

 

3.6. RNA Extraction, Purification and Quality Checking 

RNA was isolated from liver tissue, whole blood cells and serum. RNA from liver 

tissue was used for microarray analysis, while serum RNA was used for genotyping. 

RNA was isolated from protocol given as under by using TRIzol. 

3.6.1. Extraction of total RNA from blood and Biopsy samples:- 

Total RNA was isolated from blood and biopsy samples using Blood isolation kit 

(Qiagen USA) and RNeasy midi kit (Qiagen USA) respectively. For blood, first white 

blood cells were isolated by lyses of red blood cells and after homogenization of white 

blood cells spin column was used for isolation of total RNA. Liver biopsy tissue sample 

were homogenized in the same way in RLT buffer (Qiagen USA) and then total RNA 

was isolated using RNmidi kit. 

3.6.2. PBMC isolation from Whole Blood 

 For RNA isolation from the whole blood, PBMC (white blood cells) pellet was 

isolated first. For this purpose blood with anticoagulant (EDTA) was aliquoted in 1.5 ml 

eppendorf tubes and 900 µl of cell lysis solution (Gentra USA) was added to each 

aliquot, vortexed and left at room temperature for 10 minutes, then centrifuged at 1000 

rpm for 1 minute at 4°C. PBMC formed a tight pellet at the base of the tube. The whole 

process was performed once again if RBCs (Red Blood Cells) were not completely 

lysed and pellet appeared red. The PBMC pellet was dissolved in 50 µl of the lysis 

solution and then proceeds to RNA extraction.  
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3.6.3. RNA isolation from PBMC 

 To isolate RNA from PBMC, 500l Trizol reagent were added in each 

eppendorf containing white pellet of PBMC and slightly shaken to get the mixture of 

the cells. Then chloroform (100l) was added in each eppendorf tube containing 500l 

Trizol reagent and cell mixture, shaken for 2-5 times by hand to mix, then centrifuged at 

13,200 rpm for 15 minutes at 4C. To further proceed, the upper layer containing the 

RNA (leaving behind the precipitated protein-DNA pellet) were pipette out into a clean 

1.5 ml tube containing 500 μl 100% Isopropanol and centrifuged at 13,200 rpm for 15 

minutes; the RNA visible as a small, translucent pellet. Supernatant was poured off and 

drained tube briefly on clean absorbent paper. 500 μl of 70% ethanol was added and 

inverted the tube several times to wash the RNA pellet and centrifuged at 13,000 rpm 

for 10 minutes. Carefully pour off the ethanol. The tubes were inverted and drained on 

clean absorbent paper and allowed to air dry 10-15 minutes. Hydration Solution (20 μl) 

were added to RNA pellet to dissolve it. Keep it on ice for 30 min before short spin.  

3.6.4. Isolation of total RNA from liver biopsies:  

The samples were centrifuged at room temperature and following reagents were 

mixed: 

  10 ul beta-ME/ 1 ml RLT buffer.  

 20 ul, 2M DTT/1ml RLT buffer. 

 4 volumes of ethanol (96-100%) in RPE buffer. 

And prepared DNase 1 stock solution. 

 For expression analysis of genes involved in oxidative stress, steatosis and 

apoptosis total RNA isolation from liver biopsies was carried out using Rneasy Minikit 



35 

 

(Qiagen USA) following manufacturers protocol with slight modification. 30 mg tissue 

was transferred to another eppendorf tube containing 600 l RLT buffer and was 

homogenized using Ultraturrax homogenizer (VWR USA) for at least 1 minute. The 

tissue lysate was centrifuged for 3 minutes at maximum speed. Supernatant was 

transferred to a new eppendorf tube and 600 μl of 70% ethanol was added, and mixed 

immediately by pippeting. 700 μl of the sample was applied, including any precipitate 

that may have formed, to an RNeasy mini column placed in a 2 ml collection tube. The 

tube was closed gently, and centrifuged for 30 seconds at 7000 x g. Aliquots were loaded 

successively on to the RNeasy column. 700 μl of Buffer RW1 was added to the RNeasy 

column. Tubes were centrifuged for 30 seconds at 7000 x g to wash the column. RNeasy 

column was transferred in to a new 2 ml collection tube. 500 μl Buffer RPE was added on 

to the RNeasy column.  Same process was repeated once again but this time centrifuged 

for 2 minutes. The RNeasy column was placed in a new 2 ml collection tube and 

centrifuged at full speed for 1 minute to remove ethanol completely. The RNeasy column 

was transferred to a new 1.5 ml collection tube. 20 μl of Rnase free water was applied 

directly onto the RNeasy silica-gel membrane. The tube was closed, and centrifuged for 1 

minute at 8000 x g to elute RNA. The same process was repeated to make final volume 

up to 50 μl. The eluted RNA was stored at -70°C until processed next stored at -70 C. 

 3.6.4.1. Total RNA Cleanup: 

After isolating total RNA, a subsequent RNA purification is to remove most of inhibitory 

contaminants; such as organic (phenol), and cytosolic (polysaccharide, polyphenole).   

Qiagen's RNeasy MinElute kit was used to purify total RNA samples. 

3.6.5. Quality of Extracted RNA: 
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 Purity of RNA was checked by A260/A280 ratio and by agarose gel 

electrophoresis. Based on spectrophotometeric calculations, 1ug of total RNA from each 

patient was electrophoressed using 1.2% FA gel containing 80 ug/100 ml ethidium 

bromide, for visual evaluation. All those patients, for which 1 ug total RNA was visually 

similar and had no evidence of degradation or genomic DNA contamination, were short 

listed for inclusion in the subsequent experiments.  

3.7.  Agarose Gel Electrophoresis: 

 5 ul RT-PCR mixtures were loaded onto ethidium bromide stained 1.2% agarose 

gels and electrophoressed in TBE buffer at 100 volts for 50 minutes. Images of ethidium 

bromide stained gels were acquired by standard gel documentation system. 

3.8. cDNA synthesis (from Isolated RNA) and Labeling: 

Total RNA isolated from blood and biopsy sample was reverse transcribed in to 

cDNA using MMLV enzyme. The control and disease patient’s cDNA was labeled with 

fluorescent dyes like cy-3 and cy-5 respectively.  

 First strand cDNA was synthesized from 1 ug total RNA by using Revert Aid H 

MuMLV reverse transcriptase enzyme from Fermentas, in 20 ul reactions. cDNA 

synthesis was primed by synthetic poly T primer. Following protocol was used for RT-

PCR. 

In a 200 ul thin walled PCR tube, mixed the following: 

Template RNA = 1 ug  

10 uM poly T primer = 1 ul  

10 mM dNTPs = 1 ul  

RNase free water = to make the volume up to 8 u 
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Incubated the tubes at 65C in thermal cycler for 5 minutes and quick chilled on ice for 

1 minute. While keeping the tubes on ice, added following: 

5X RT Buffer = 4 ul  

MDTT = 1 ul  

M-MLV Reverse Transcriptase (200 U/ul) = 1 ul  

Tubes were in the thermal cycler according to the following cycle: 

50 minutes at 42C and 5 minutes at 90C (to inactivate the enzyme) 

The cycling conditions for cDNA synthesis were as follows: 

       Hold 1                                 Temp 3: 1 cycles                                         Hold 2 

                                                    

 

 

Figure 3.1 RT-PCR thermal cycling conditions for cDNA 

Synthesized cDNA was stored at -20C. 

 

To prepare the Second Strand of cDNA, we worked on ice, and the following 

ingredients were added: 

                                      

Amount Ingredient 

63 ul Nuclease-free Water 

10 ul 10X First Strand Buffer 

42oC 

70oC 

∞ 

4oC 10:00 

60:00 
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4 ul dNTP Mix 

2 ul DNA Polymerase 

1 ul RNAase H2O 

The contents were gently mixed by pipetting up and down a few times and centrifuged 

the tubes briefly (=5 second). 80 ul of Second Strand mix was added to 20 ul cDNA 

samples and mixed gently. The tubes were centrifuged briefly (=5 seconds). The mixture 

was incubated at 16oC for 2 hours. After the 2 hour incubation, cDNA purification was 

done. 

 

3.9. cDNA purification: 

 cDNA purification kit supplied with the MessageAmp II kit was used.   

  250 ul of cDNA binding Buffer was added to each cDNA sample and mixed thoroughly 

by repeated pipetting.  cDNA sample was transferred with added buffer onto the center of 

the cDNA filter cartridge. Centrifuged at 10,000Xg, for 1 minute. The liquid from the 

collection tube was discarded. 500 ul prepared cDNA Wash Buffer with added ethanol 

was applied to each  cDNA filter cartridge, centrifuged at 10,000Xg,  and the liquid from 

the collection tube was discarded. DNA filter cartridge was centrifuged again. cDNA 

Filter cartridge was transferred to a clean cDNA Elution tube. 10 ul of preheated DEPC-

treated H2O up to 55c, was applied to the center of the filter of the cDNA filter cartridge 

.Incubated at room temperature for 2 minutes and then centrifuged at 10,000 Xg. 

Repeated the elution steps with an additional 10 ul DEPC-treated H2O preheated to 55oC 

and discarded the filter. 

18 ul of double-stranded cDNA sample tube(s) were placed on ice. 
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3.10. aRNA Synthesis and Purification: 

 IVT Reaction Master Mix was prepared by adding the reagents in the following 

order: 

 

 

 

 

 

 

 

24 ul of IVT Reaction mix was added to 16 ul of double-stranded cDNA sample, gently 

mixed and centrifuged at 3,000 Xg for 30 seconds. The tube was incubated for 12 hours 

at 37oC in a PCR machine with lid temperature at 40oC. After incubation, the reaction 

was stopped by adding 60 ul DEPC-treated H2O to each sample to make the final volume  

100 ul and mixed thoroughly by gentle vortexing. 

aRNA Purification was done by mixing the following reagents: 

100% EtOH 

DEPC-treated H2O 

 350 ul of aRNA Binding Buffer was added to each aRNA sample and mixed by pipetting 

up and down three times. Then,250 ul of ACS grade 100% ethanol was added to each 

aRNA sample and 

mixed by pipetting up and down three times. The sample was quickly transferred onto the 

center of the filter in the aRNA spin column. Centrifuged at 10,000Xg, for 1 minute, the 

Amount Ingredient 

2 ul aaUTP Solution (50mM) 

12 ul ATP,CTP, GTP Mix (25 mM) 

2 ul UTP Solution (50mM) 

4 ul T7 10X Reaction Buffer 

4 ul T7 Enzyme Mix 
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liquid  passed through the filter which was discarded from the collection tube. Same 

procedure was repeated by using 650ul of Wash Buffer, until the liquid passed through 

the filter. The liquid form the collection tube was discarded. 

 aRNA filter cartridge was then centrifuged for an additional 3 minutes to remove trace 

amounts of Wash buffer. Filter cartridge was transferred to a fresh aRNA collection tube 

and 100 ul of RNAase-free DEPC-treated H2O preheated up to 55oC was added to the 

center of the filter. Incubated at room temperature for 2 minutes. After incubation, 

centrifuged at 10,000Xg for 1.5 minutes, the liquid passed through the filter, and aRNA 

filter was discarded. aRNA sample tube(s) (=100 ul volume) were placed on ice. 

 Samples of different stages of Fibrosis were labeled with Cy-3 and Cy-5 dyes. 

Concentration (Quantitation) of aRNA was determined by the using the NanoDrop. In 

general, one expects a yield of =40-60 ug amplified aa-aRNA from 1 ug total RNA as 

string material, and 80-120 ug or aa-aRNA from 2 ug of total RNA as a string material.   

3.11. Labeling with Cy-3 and Cy-5 Dyes: 

4 ug of aRNA was aliquoted in 1.5 microfuge tube, completely dried using a Speedvac 

centrifuge set at 45oC and stored the remaining aRNA sample at -80oC for further use. 

3.12. Preparation of Cy3 and Cy5 monoreactive Dye: 

Entire contents of 5 aliquots of dyes (5X reaction volume) were dissolved in a single tube 

in 27ul DMSO and left at RT for at least 30 minutes protected from light. Centrifuged at 

1,000Xg for 30 seconds and stored at -20oC wrapped in aluminum foil to protect from 

light. 

3.12.1. Method: 
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Dried aRNA sample was completely dissolved in 5ul 0.2M NaHCO3 buffer and 

incubated at RT for at least 20 minutes. 5 ul Cy3 or Cy5 (in DMSO) was added to each 

aRNA sample and mixed thoroughly and centrifuged at 1,000Xg for 30 second. This 

aRNA dye mixture was stored at RT for 2 hours wrapped in aluminum foil. 

3.13. Post Dye-Coupling aRNA Purification: 

     RNeasy MinElute Column (Qiagen Cat# 74204) 

RnAase-free tips and tubes 

Hydroxylamine (Sigma Cat# 159417) 

2.7g of Hydroxylamine Hydrochloride salt was dissolved in 7mL DEPC treated water 

and was brought to a final volume of 10mL. Then 100 aliquots of solution were made in 

RNAase-free microfuge tubes and stored at-20oC. 

 Quenching reaction: involves quenching any unreacted Cy-dye by adding an excess of 

primary amines. 4.5 ul of 4 M hydroxylamine was added into the dye coupling reaction 

mixed well and incubated for 15 minutes in the dark at RT. 

 Removal of unincorporated Dye (Qiagen PCR Purification Kit) was done. To do this, the 

sample volume was adjusted to 100 ul with DEPC-treated H2O. 350 ul of RLT (kit) 

buffer was added and mixed thoroughly. 250 ul of 100% ethanol was added to sample, 

mixed and transferred to an RNeasy MinElute Spin column placed in a 2 mL collection 

tube centrifuged at 10,000Xg, for 1 minute, flow through was discarded. 500 ul of RPE 

buffer was added onto the spin column and centrifuged at 10,000g, for 1 minute and flow 

through was discarded. 500ul of 80% ethanol was added to the RNeasy MinElute spin 

Column centrifuged at 10,000g, for 1 minute and flow through was discarded. Spin 

column was transferred to a new microfuge tube. 20 ul of warm DEPC water (55oC) was 
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applied to the center of the spin column incubated at RT for 2 minutes, centrifuged at 

12,000Xg for 1 minute. Elution step was repeated with an additional 20 ul of warm 

DEPC water (55oC). Amount of dye incorporated into aRNA was measured using a 

NadoDrop conventional spectrophotometer. 

3.14. Micro array hybridization: 

3.14.1. Pre-Hybridization: 

Slides were placed completely covered in Pre-warmed OpArray pre-hyb Solution (at 

42oC) and incubated for 60 minutes at 42oC. Slides were washed for 5 minutes in 50 ml 

per slide of Wash Solution 1 (prepared by diluting OpArray wash B 1:40 with di H2O) at 

20-25oC. Immediately, slides were rinsed at least two times with sterile DH2O for 30 

sec. Slides were dried by centrifugation at 200Xg for 5 minutes using a micro plate rotor. 

3.14.2. Hybridization: 

Equal amount of Cy5-labeled targets (40pmol) and Cy3-labeled targets (40pmol) were 

taken and mixed with 45 ul of OpArray Hyb Buffer. Hybridization Cassette was rinsed 

with sterile diH2O and dried thoroughly. OpArray slide with DNA side up (barcode side 

up) was inserted into the cassette chamber with 15 ul of sterile diH2O in the lower groove 

of the cassette chamber. LifterSlip was placed over the microarray slide with white stripe 

of the LifterSlip at the lower side. Labeled target solution (after denaturation from line 

131 by incubating in the tube at 65oC for 5 minutes) was applied slowly to one end of the 

LifterSlip and all four screws were tightly sealed. Cassette was placed into a 

hybridization oven at 42oC 14-16 hours. 
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3.14.3. Post-hybridization Washing: 

 Wash Solution 2 (Prepared by adding 50 mL OpArray Wash A and 25 mL OpArray 

Wash B to a final volume of 500 mL with diH2O) is heated up to to 42oC. After 

hybridization, cassettes were removed from the oven. Hybridization OpArray slides were 

placed into a slide rack after removing them from the cassette chamber using forceps. 

Slide tray containing the OpArray slide was placed into a dish with Wash Solution 2 at 

42oC for 10 minutes. Slide tray was transferred into dish with Wash Solution 3 (prepared 

by bringing 50 mL OpArray Wash A to a final volume to 500 ml with sterile diH2O) and 

incubated at 20-25oC (RT) for 10 minutes. Transfer the slide tray into a dish with Wash 

Solution 4.Incubate at RT for 5 minutes. Slide tray was transferred into another dish with 

fresh Wash Solution 4 (prepared by bringing 5 ml OpArray Wash A to a final volume to 

500 ml with sterile diH2O) and incubated at RT for 5 minutes. Slides were dried  by 

centrifugation (200Xg for 5 minutes). 

3.15. Scanning of Slides: 

Slides were scanned with the help of Microarray GeneTAC UC4 scanner at 10μm 

resolution for both dyes Cy3 and Cy5. GeneTAC Integrator 4.0.1 software was used for 

analyzing quantities of both dyes. All the work was done according to manufacturer 

protocols.  

3.16. Data analysis: 

The 16-bit scanned tiff images of Cy3 and Cy5 were initially analyzed with the help 

of TIGER SPOTFINDER software available freely online. Background was subtracted and 

the signal ratio Cy3 and Cy5 was calculated. The initial/raw data were saved as mev file. 
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3.17. Data normalization and analysis: 

3.17.1. Data Normalization: 

The data normalization and analysis was done with the help of freely available 

software by Microarray Data Analysis Software (MIDAS) and Microarray Experiment 

Viewer (MEV) from TM4 website. Data normalization methods proceed from assumptions 

that only a relatively small proportion of the genes change significantly in expression level 

between the two hybridized mRNA samples. The house keeping genes were used for 

normalization within the slides. The MIDAS component of TM4 provides a number of data 

normalization methods and filters and supports applying them in a sequential manner. . 

There were several reviews which summarize these procedures (Brazma, 2001; 

Quackenbush, 2006). 

3.17.2 The MIDAS project: 

A MIDAS project was applied consisting of total intensity normalization, lowess 

normalization, standard deviation regularization, and low intensity filtering to Microarray 

data. MDAS default parameters were used throughout; the default low intensity filter cut-

off is RiGi < 10,000. 

3.17.3. TM4 MEV ANALYSIS 

The multi Experiment Viewer (MEV) component of TM4 provides a number of statistical 

analyses and clustering algorithms to identify differentially expressed genes. We reported 

results from the I-Class t-test analysis applied to output of the MIDAS pipeline. This test 

assumes that the paired distribution of infected and controlled groups is normally 

distributed. Since the intensities measured from the same spot are correlated, we can 

apply the one-class t-test for the two group comparison.   
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In summary, Hybridized slides were scanned on Microarray GeneTAC UC4 

scanner at 10μm resolution for both dyes Cy3 and Cy5. GeneTAC Integrator 4.0.1 

software was used for analyzing quantities of both dyes. All the work was done according 

to manufacturer protocols. A final CSV format file containing 37584 spot entries for each 

sample was obtained containing intensities of both channels with background correction. 

MIDAS was used for normalization of data. All CSV files were converted to MEV file 

format by using Express Convertor. After normalization, SAM software 

(http://robinsonlab.stanford.edu/microarrays/analyze/howto_analyze_mArray.htm) was 

used for significant analysis of genes. Clustering was done by Cluster 3.0 

(http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm#ctv) and viewed by Tree-

View (www. taxonomy.zoology.gla.ac.uk/rod/treeview.html). EASE (www.ease.com) 

was used to group final selected significant genes according to their main functions. 

3.18. Validation Studies: 

3.18.1 Primer designing:  

 Sequences of selected human genes under study were retrieved from NCBI 

(National Center for Biotechnology Information). Sequence was then BLAT (basic local 

alignment tool) in the bioinformatics tool (www.genome.ucsc.edu). Using this tool the 

whole sequence intron-exon was appeared. Primer pairs were designed after preliminary 

analysis of specific genes of human through bioinformatics tool (www.expasy.ch). To 

avoid genomic DNA contamination only the sequence from exons was used for primer 

designing. The sequence from two exons was placed into other tool i.e. (www.primer3) 

for primer designing. 
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3.18.2. Following criteria was considered during primer designing: 

GC rich content was kept close to 50% and length of primer was 20-22 nucleotides. 

Primers have minimal complementarities to each other in order to avoid primer dimmer 

formation.  

Primers were taken from Applied and Functional Genomics lab, CEMB and primers for 

cellular genes expression analysis were synthesized from sequencing lab of the CEMB. 

3.18.3. Primer dilution: 

 Primers were diluted to 1µg/µl stock and these stocks were further diluted 

10pm/µl stock used for all further PCR experiments. The reactions were set in 0.2ml 

PCR tube. 

3.18.4. Optimization of primer amplification condition 

 Primers received, diluted and optimized for optimum reaction conditions of 

temperature, Mg concentration, buffer and dNTPs. These optimum conditions were then 

used in the experiment. 

3.19. Selective Cellular genes expression analysis in Different stages of Fibrosis in 

HCV-   affected Liver cells by real-time PCR  

 The effect of HCV structural genes and their effect on different stages of 

fibrosis(F1,F2, F3 and F4) were detected by using specific-primers of HCV Core and 

cellular genes on ABI 7500 real time PCR using SYBR Green mix (Fermentas) according 

to manufacture’s instructions. Briefly, 2X SYBR Green RT-PCR Master Mix, template 

RNA, primers, and RNase-free water were thawed. After mixing the individual solutions, 

all regents were placed on ice.  
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 Table 3.1: Components and concentrations of PCR reaction 

Component Concentrations 

cDNA  0.5μl 

Reverse Primer (10 pm) 0.5μl 

Forward Primer (10 pm) 0.5μl 

2X SYBR Green Master Mix  12.5μl 

ddH2O  up to 25.0μl 

 In the end, template cDNA of 0.5 µl were added to the individual PCR vessels 

containing the reaction mix and set the programme of the real-time Cycler according to 

the program outlined. Data acquisition was performed during the extension step. The 

GAPDH gene was used as an internal control for normalization. The relative gene 

expression analysis was done by using SDS 3.1 software provided by ABI. Each real time 

PCR assay was performed in triplicate. Level of Significance and standard error was 

determined by SPSS software for Windows.  

3.19.1. The thermal cycling conditions of ABI Real Time PCR were as follows: 

Hold1    Hold 2                                 Hold 4                                          Hold 3 

                                                      

 

   

 

 

95oC 94C 
72oC 72oC 

58C 
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00:40 
00:40 

05:00 
00:30 

32 Cycles 
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Figure 3.2: Real Time-PCR conditions 

 

4. RESULTS 

The total no of patients that were selected for the present study were 103, among 

which 63 were male and 40 females. The range of age was 18-65 years, and the mean age 

was 37.1 ± 13.2. The genotypic analysis showed the ratios (1a/3a/4a/Others) as 3/86/5/7. 

The Lab analysis of following criteria was performed for all the patients; the calculated 

viral load was 1.36E7 ± 1.98E7, Hb level was 12.96 ± 1.5, bilirubin was 0.9 ± 0.26, ALP 

(IU/L) = 139.4 ± 55.8, ALT (IU/L) = 62.2 ± 19.6, AST (IU/L) = 61.92 ± 35.5. The no of 

patients who underwent Biopsy was calculated to be 43. Among these the patients at 

various stages of fibrosis were determined to be as F0= Initial stage not yet differentiated 

fibrosis were 6. At F1 i.e. Initial stage of fibrosis were 16, at F2 at the 2nd stage of fibrosis 

were 10, at F3 3rd stage of Fibrosis were 8 and at F4, at the last stage of fibrosis were 3 

(Table 1).  

Genotype 3a was dominated in all fibrosis stages while genotype 1a was found in only 4 

patients (two patients from F0 and two from F1 fibrosis stage). Table 1 shows the 

demographic data, histological damage, biochemical values and HCV genotypes of the 

patients studied. This table shows that how various clinical features are related with the 

advent of various stages of fibrosis. 

4.1. Histological evaluation: 

Histological evaluation of liver biopsies revealed that the patients had stages of 

fibrosis from F0 (no fibrosis) to F3 (severe fibrosis with numerous septa without 

cirrhosis) according to METAVIR scoring system. The degree of inflammation in 
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different fibrosis stages is given in Table 1. Only one patient (sex: female; age: 45 years) 

with F4 (cirrhosis) stage having 3a genotype (viral load = 23648 IU/ml) was found that 

was dropped from study for further statistical analysis. 

4.2. Genotyping:  

Table 4.1: Demographic data of the patients: 

Total no. of patients 103 
Sex (M/F) 63/40 

Age (Mean) 37.1 ± 13.2 

Age (Range) 18-65 

Genotype (1a/3a/4a/Others) (3/86/5/7) 

Lab analysis 
VIRAL LOAD 1.36E7 ± 1.98E7 

Hbi LEVEL 12.96 ± 1.5 

BILIRUBIN  0.9 ± 0.26 

ALP (IU/L) 139.4 ± 55.8 

ALT(IU/L) 62.2 ± 19.6 

AST(IU/L) 61.92 ± 35.5 

Patients underwent for liver biopsy 43 

Fibrosis Stages ( n = 43) 

F0 6 

F1 16 

F2 10 

F3 8 

F4 3 

Fibrosis Grading (n = 43) 
A0 1 

A1 10 

A2 18 



50 

 

A3 14 

 

 

Fig: 4.1(Adapted from texasliver.com and three rivers endoscopy center): shown on page 

51. 

Fig: 4.1stages F2, F3 and F4:courtesy of BMC Gastroentrology 2007, 7(1): 32: page 52 



 

           Fig. 4..1 Normal LLiver biopsyy       
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those who develop moderate or severe fibrosis leading to cirrhosis. A remarkable 

variation was observed between the bilirubin levels in different fibrosis stages. Bilirubin 

level was higher in latter fibrosis stages as compared to initial stages. Serum ALP level 

showed significant variation between all fibrosis stages. Multivariate analysis revealed 

that AST value was also significant between F0 and F1 fibrosis stage (p = 0.035). The 

serum HCV RNA levels were significantly different in liver fibrosis stages (p = 0.000). 

F3 fibrosis stage showed significant correlation of serum HCV RNA levels between F0, 

F1 and F2 fibrosis stages. Serum HCV RNA level tends to decrease in F3 fibrosis stage 

as compared to earlier fibrosis stages. Low serum HCV RNA level was also observed in 

one F4 fibrosis stage sample in contrast to all fibrosis stages. Figure 1 shows mean serum 

HCV RNA level in different fibrosis stages. While the serum HCV RNA levels (p = 

0.000) and HB level (p = 0.014) were significantly different in different age groups 

within fibrosis stages. Out of 6 cases of fibrosis stage F0, 3 presented with inflammation 

grade A2 and 3 of grade A3. In fibrosis stage F1, 4 patients have grade A1, 8 have grade 

A2 and 4 patients have inflammation grade A3. Three patients of F2 fibrosis stage have 

A1 grade, two have A2 grade while remaining five patients have A3 inflammation grade. 

In F3 fibrosis stage 2 patients have inflammation grade A1, 5 have grade A2 while only 1 

patient have grade A3 inflammation.  

Table 4.2: Clinical features of patients with their fibrosis stages 

PARAMETERS 
FIBROSIS STAGES 
F0 F1 F2 F3 F4 

No. of PATIENTS 6 16 10 8 3 
SEX (M/F) 4/2 12/4 6/4 4/4 1/2 
AGE 
 (Range= 21-53) 

24.8 ± 3.8 33.8 ± 11.3 37.7 ± 7.4 38.6 ± 6.7 46.6 ± 4.3 

AGE (<40/>40) 6/0 10/6 5/5 3/5 0/3 
FIBROSIS 
GRADE 

1/0/2/3 0/4/8/4 0/3/2/5 0/2/5/1 0/1/1/1 
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(A0/A1/ A 2/ A 3) 
GENOTYPE 
(1a/3a) 

2/4 2/14 0/10 0/8 0/3 

VIRAL LOAD 
2.8E6 ± 
1.4E6 

4.4E6 ± 
1.6E6 

4.5E7 ± 
1.4E7 

4.1E5 ± 
3.03E5 

6.1E4 ± 
2.03E4 

HB LEVEL 13 ± 1.5 12.4 ± 1.3 13.02 ± 1.2 13.7 ± 1.8 13.1 ± 1.3 
BILIRUBIN  0.7 ± 0.07 0.78 ± 0.12 0.85 ± 0.17 1.35 ± 0.14 1.65 ± 0.34 

ALP (IU/L) 86.8 ± 8.2 98.5 ± 8.7 
162.8 ± 
13.5 

231.3 ± 
16.5 

283.2 ± 
37.5 

ALT(IU/L) 61.8 ± 6.6 
56.8 
±28.04 

65.2 ±11.1 
69.5 ± 
12.02 

89.1 ± 
31.02 

AST(IU/L) 
38.17 ± 
12.7 

74.2 ± 51.8 53.5 ± 11.8 65.6 ± 4.7 76.6 ± 12.1 

 

4.5. Correlation of biochemical markers with liver fibrosis stages 

Table 4.2 shows the statistical analysis that was applied on the basis of 

biochemical tests, viral load & age group for the progression of fibrosis in the patients. 

The results show significant values for the Age, Viral load Bilirubin & ALP, thus 

indicating the dependence of these variables for the progression of the fibrosis in patients.  

 A remarkable variation was observed between the bilirubin levels in different 

fibrosis stages. Bilirubin level was higher in latter fibrosis stages as compared to initial 

stages. Serum ALP level showed significant variation between all fibrosis stages. 

Multivariate analysis revealed that AST value was also significant between F0 and F1 

fibrosis stage (p = 0.035). The serum HCV RNA levels were significantly different in 

liver fibrosis stages (p = 0.000). F3 fibrosis stage showed significant correlation of serum 

HCV RNA levels between F0, F1 and F2 fibrosis stages. Serum HCV RNA level tends to 

decrease in F3 fibrosis stage as compared to earlier fibrosis stages. Low serum HCV 

RNA level was also observed in one F4 fibrosis stage sample in contrast to all fibrosis 

stages. While the serum HCV RNA levels (p = 0.000) and Hb levels (p = 0.014) were 

significantly different in different age groups within fibrosis stages. Out of 6 cases of 
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fibrosis stage F0, 3 presented with inflammation grade A2 and 3 of grade A3. In fibrosis 

stage F1, 4 patients have grade A1, 8 have grade A2 and 4 patients have inflammation 

grade A3. Three patients of F2 fibrosis stage have A1 grade, two have A2 grade while 

remaining five patients have A3 inflammation grade. In F3 fibrosis stage 2 patients have 

inflammation grade A1, 5 have grade A2 while only 1 patient have grade A3 

inflammation.  

 

Table 4.3: Univariate analysis of progression of fibrosis in patients according to 

biochemical tests, viral load and age group 

Dependent 

Variables 

Type III Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

AGE GROUP 1.475 3 .492 2.178 .107 

AGE 805.217 3 268.406 3.406 .028 

SEX .367 3 .122 .504 .682 

GENOTYPE 2.067 3 .689 2.011 .130 

VIRAL LOAD 1.339E16 3 4.464E15 84.268 .000 

HB LEVEL 10.899 3 3.633 1.718 .181 

BILIRUBIN 2.072 3 .691 36.689 .000 

ALP 116495.292 3 38831.764 277.133 .000 

ALT 970.792 3 323.597 .824 .489 

AST 6636.567 3 2212.189 1.870 .152 
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 This is a scanned image of the hybridized slide. The magnified part shows the patterns of 

the expression of different genes. The green signal shows average level of low 

expression. Red color shows high level of expression in the respective sample. The 

expression analyzed on the basis of these signals perceived as a result of microarray 

analysis. 

4.7.6. Normalization of raw data  

Normalization of data is the most important task in microarray experiments. To make 

data more reliable, background and noise ratio is subtracted and data is normalized.  

The house keeping genes along with lowess normalization were used to normalize the 

spot signals within the array and total intensity with combination of lowess normalization 

was applied to normalize the data between the arrays. After the data is normalized, equal 

intensities for both of the dyes for most of the spots show that there is very low potential 

false ratio. 

Z-histogram is used for data normalization. 

Figure 4.5 Histogram representations of the normalized data. Samples from HCV 

infected patients generated at different stages of fibrosis and normal individuals labeled 

with Cy-3 and Cy-5 dyes were hybridized to microaroarray chips and normalized to the 

false-positive rate. As expected there were few differences between Cy3 and Cy5 signals 

intensities for most of the Microarray spots, and the false positive rate was 0.5%.  
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serine/threo
nine kinase 
17a 

STK17
A 

 NOT 
FOUND 

This gene is a member of the DAP kinase-
related apoptosis-inducing protein kinase 
family and encodes an autophosphorylated 
nuclear protein with a protein kinase domain. 
The protein has apoptosis-inducing activity. 
[provided by RefSeq]. 

decay 
accelerating 
factor for 
complement 
isoform 

CD55 
 NM_000574
.3 

This gene encodes a protein involved in the 
regulation of the complement cascade. The 
encoded glycoprotein is also known as the 
decay-accelerating factor (DAF); binding of 
DAF to complement proteins accelerates their 
decay, disrupting the cascade and preventing 
damage to host cells. Antigens present on the 
DAF glycoprotein constitute the Cromer 
blood group system (CROM).  

 WW 
domain-
containing 
oxidoreduct
ase isoform 
1 

WWOX 
 NM_016373
.1 

FUNCTION: Probable oxidoreductase, which 
acts as a tumor suppressor and plays a role in 
apoptosis. May function synergistically with 
TP53/p53 to control genotoxic stress-induced 
cell death. May also play a role in tumor 
necrosis factor (TNF)- mediated cell death. 
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2. cytokines       

mesothelin 
isoform 1 
preproprotei
n 

MSLN 
 NOT 
FOUND 

This gene encodes a precursor protein that is 
cleaved into two products, megakaryocyte 
potentiating factor and mesothelin. 
Megakaryocyte potentiation factor functions 
as a cytokine that can stimulate colony 
formation in bone marrow megakaryocytes. 
Mesothelian is a 
glycosylphosphatidylinositol-anchored cell-
surface protein that may function as a cell 
adhesion protein. This protein is 
overexpressed in epithelial mesotheliomas, 
ovarian cancers and in specific squamous cell 
carcinomas. Alternative splicing results in 
multiple transcript variants. 

interleukin 5 
precursor 

IL5 
 NM_000879
.2 

 The protein encoded by this gene is a 
cytokine that acts as a growth and 
differentiation factor for both B cells and 
eosinophils. This cytokine is a main regulator 
of eosinopoiesis, eosinophil maturation and 
activation. The elevated production of this 
cytokine is reported to be related to asthma or 
hypereosinophilic syndromes. 

3. Inflammatory response 

meteorin, 
glial cell 
differentiati
on regulator 

METRN 

 NM_024042
.2 

FUNCTION: Involved in both glial cell 
differentiation and axonal network formation 
during neurogenesis. Promotes astrocyte 
differentiation and transforms cerebellar 
astrocytes into radial glia. Also induces 
axonal extension in small and intermediate 
neurons of sensory ganglia by activating 
nearby satellite glia (By similarity). 

ALL1 fused 
gene from 
5q31 

AFF4 

 NM_014423
.3 

spinal cord expression 
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protocadheri
n alpha 
subfamily 
C, 2 isoform 
1 

PCDHA
8 

 NM_018911
.2 

FUNCTION: Potential calcium-dependent 
cell-adhesion protein. May be involved in the 
establishment and maintenance of specific 
neuronal connections in the brain. 

oligodendro
cyte 

transcription 
factor 1 

Q96RH
9_HUM

AN 

NOT 
FOUND 

FUNCTION: Promotes formation and 
maturation of oligodendrocytes, especially 
within the brain. Cooperates with OLIG2 to 
establish the pMN domain of the embryonic 

neural tube (By similarity). 

oligodendro
cyte 

transcription 
factor 1 

OLIG1 
NM_138983.

2 

FUNCTION: Promotes formation and 
maturation of oligodendrocytes, especially 
within the brain. Cooperates with OLIG2 to 
establish the pMN domain of the embryonic 

neural tube (By similarity). 

Ral GTPase 
activating 

protein, beta 
subunit 

KIAA12
19  

Highly expressed in brain, mostly in 
amygdale 

parathyroid 
hormone 2 

preproprotei
n 

TIP39_
HUMA

N 

NM_178449.
3 

FUNCTION: Plays a role as a potent and 
selective agonist of PTH2R resulting in 

adenyl cyclase activation and intracellular 
calcium levels elevation. Induces protein 

kinase C beta activation, recruitment of beta-
arrestin and PTH2R internalization. May 
inhibit cell proliferation via its action on 

PTH2R activation. Neuropeptide which may 
also have a role in spermatogenesis. May 

activate nociceptors and nociceptive circuits. 
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heat shock 
10kDa 

protein 1 
HSPE1 

NM_002157.
2 

This gene encodes a major heat shock protein 
which functions as a chaperonin. 

stress-
induced-

phosphoprot
ein 1 

STIP1 
NM_006819.

2 

FUNCTION: Mediates the association of the 
molecular chaperones HSC70 and HSP90 

(HSPCA and HSPCB). 

4. Olfactory functions 

olfactory 
receptor, 

family 56, 
subfamily 
A, member 

1 

OR56A
1 

NOT 
FOUND 

Olfactory receptors interact with odorant 
molecules in the nose, to initiate a neuronal 

response that triggers the perception of a 
smell. The olfactory receptor proteins are 
members of a large family of G-protein-

coupled receptors (GPCR) arising from single 
coding-exon genes. 

olfactory 
receptor, 
family 6, 
subfamily 

C, 

OR6C70 
NM_001005

499.1 

Olfactory receptors interact with odorant 
molecules in the nose, to initiate a neuronal 

response that triggers the perception of a 
smell. The olfactory receptor proteins are 
members of a large family of G-protein-

coupled receptors (GPCR) arising from single 
coding-exon genes. 

olfactory 
receptor, 
family 4, 

subfamily P 

Q8NGL
5_HUM

AN 
 

FUNCTION: Odorant receptor (Potential). 

olfactory 
receptor, 
family 7, 
subfamily 

A, 

OR7A1
7  

 
 
 
 
 
 

FUNCTION: Odorant receptor (Potential). 
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5. Pro-Inflammatory mediators 

interleukin 
17F 

IL17F 
 

FUNCTION: Stimulates the production of 
other cytokines such as IL- 6, IL-8 and 

granulocyte colony-stimulating factor, and 
can regulate cartilage matrix turnover. 

Stimulates PBMC and T-cell proliferation. 
Inhibits angiogenesis. 

TISSUE SPECIFICITY: Expressed in 
activated, but not resting, CD4+ T-cells and 

activated monocytes. 
SIMILARITY: Belongs to the IL-17 family. 

hypothetical 
protein 

LOC23732 
C9orf4 

 

Expressed in adult and fetal brain. Very weak 
expression in medulla, spinal cord and in 

adult ovary. 

ventral 
anterior 

homeobox 1 
isoform a 

VAX1 
 

FUNCTION: Required for axon guidance and 
major tract formation in the developing 

forebrain. May contribute to the 
differentiation of the neuroretina, pigmented 

epithelium and optic stalk (By similarity). 

Ras 
association 
(RalGDS/A
F-6) domain 

family 5 

RASSF5 
 

This gene is a member of the Ras association 
domain family. It functions as a tumor 

suppressor, and is inactivated in a variety of 
cancers. 

glutathione 
peroxidase 2 

GPX2 
NM_002083.

2 

 
 
 

FUNCTION: Could play a major role in 
protecting mammals from the toxicity of 

ingested organic hydroperoxides. Tert-butyl 
hydroperoxide, cumene hydroperoxide and 

linoleic acid hydroperoxide but not 
phosphatidycholine hydroperoxide, can act as 

acceptors. 
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6. Sense receptors 

spermatogen
esis 

associated 7 

SPATA
7 

NM_001040428
.3 

FUNCTION: May be involved in retinal 
function.DISEASE: Defects in SPATA7 are 
the cause of Leber congenital amaurosis type 
3 (LCA3) [MIM:604232]. LCA designates a 

clinically and genetically heterogeneous 
group of childhood retinal degenerations, 

generally inherited in an autosomal recessive 
manner. Affected infants have little or no 
retinal photoreceptor function as tested by 

electroretinography. LCA represents the most 
common genetic cause of congenital visual 

impairment in infants and children.DISEASE: 
Defects in SPATA7 are a cause of retinitis 
pigmentosa autosomal recessive (ARRP) 

[MIM:268000]. ARRP is a retinal dystrophy 
belonging to the group of pigmentary 

retinopathies. RP is characterized by retinal 
pigment deposits visible on fundus 

examination and primary loss of rod 
photoreceptor cells followed by secondary 

loss of cone photoreceptors. Patients typically 
have night vision blindness and loss of 

midperipheral visual field. As their condition 
progresses, they lose their far peripheral 

visual field and eventually central vision as 
well. 

spermatogen
esis 

associated 7 

SPATA
7 

NM_001040428
.3 

FUNCTION: May be involved in retinal 
function. 

DISEASE: Defects in SPATA7 are the cause 
of Leber congenital amaurosis type 3 (LCA3) 
[MIM:604232]. LCA designates a clinically 

and genetically heterogeneous group of 
childhood retinal degenerations, generally 

inherited in an autosomal recessive manner. 
Affected infants have little or no retinal 

photoreceptor function as tested by 
electroretinography. LCA represents the most 

common genetic cause of congenital visual 
impairment in infants and children. 

nephrocysti
n 3 

ACAD1
1 

NM_032169.
4 

FUNCTION: May participate in 
mechanosensation in the primary cilium of 

kidney cells. 
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taste 
receptor, 
type 1, 

member 2 
precursor 

TAS1R2 
 

FUNCTION: Putative taste receptor. 
TAS1R2/TAS1R3 recognizes diverse natural 

and synthetic sweeteners. 

7. Transcriptional regulation 

tripartite 
motif-

containing 
43 

TRIM43 
NM_138800.

1 

Contains 1 B box-type zinc finger. 

activator of 
basal 

transcription 
1 

ABT1 
NM_013375.

2 

FUNCTION: Could be a novel TATA-
binding protein (TBP) which can function as 
a basal transcription activator. Can act as a 
regulator of basal transcription for class II 
genes (By similarity). 

zinc finger 
protein 441 

ZNF441 NM_152355 

FUNCTION: May be involved in 
Transriptional Regulation. 

capicua 
homolog 

CIC 
NM_015125.

3 

FUNCTION: Transcriptional repressor which 
may play a role in development of the central 
nervous system (CNS). 

hepatic 
leukemia 

factor 
HLF 

NM_002126.
4 

This gene encodes a member of the proline 
and acidic-rich (PAR) protein family, a subset 
of the bZIP transcription factors. 

B9 protein 
 

NP_056496.
1 

The B9 protein function is not known. 
Identification of a conserved mouse homolog 
and representation in the EST database 
indicates that this transcript does represent a 
gene.  

homeobox 
D9 

HOXD9 
NM_014213.

3 

FUNCTION: Sequence-specific transcription 
factor which is part of a developmental 
regulatory system that provides cells with 
specific positional identities on the anterior-
posterior axis. 
 

Homo 
sapiens 

clone 23903 
mRNA 

sequence. 

ZNF783 
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hypothetical 
protein 

LOC57579 
isoform c 

KIAA14
11 

NM_001105
531.2 

Belongs to the FAM135 family 

Zinc Finger 
Protein 48 

ZNF553 
NM_152652.

1 

FUNCTION: May be involved in 
Transriptional Regulation. 
SUBCELLULAR LOCATION: Nucleus 
(Probable), SIMILARITY: Belongs to the 
krueppel C2H2-type zinc-finger protein 
family. 

SMYD 
family 

member 5 
SMYD5 

NM_006062.
2 

SIMILARITY: Contains 1 MYND-type zinc 
finger. 
Act as transcription Factor 

v-rel 
reticuloendo

theliosis 
viral 

oncogene 

RELA 
NOT 

FOUND 

FUNCTION: NF-kappa-B is a pleiotropic 
transcription factor which is present in almost 

all cell types and is involved in many 
biological processed such as inflammation, 

immunity, differentiation, cell growth, 
tumorigenesis and apoptosis. NF- kappa-B is 
a homo- or heterodimeric complex formed by 

the Rel-like domain-containing proteins 
RELA/p65, RELB, NFKB1/p105, 

NFKB1/p50, REL and NFKB2/p52 and the 
heterodimeric p65-p50 complex appears to be 
most abundant one. The dimers bind at kappa-

B sites in the DNA of their target genes and 
the individual dimers have distinct 

preferences for different kappa-B sites that 
they can bind with distinguishable affinity 

and specificity. Different dimer combinations 
act as transcriptional activators or repressors, 

respectively. NF-kappa-B is controlled by 
various mechanisms of post-translational 

modification and subcellular 
compartmentalization as well as by 
interactions with other cofactors or 

corepressors. NF-kappa-B complexes are held 
in the cytoplasm in an inactive state 

complexed with members of the NF- kappa-B 
inhibitor (I-kappa-B) family. In a 

conventional activation pathway, I-kappa-B is 
phosphorylated by I-kappa-B kinases (IKKs) 

in response to different activators, 
subsequently degraded thus liberating the 

active NF-kappa-B complex which 
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translocates to the nucleus. NF-kappa-B 
heterodimeric p65-p50 and p65-c-Rel 

complexes are transcriptional activators. The 
NF-kappa-B p65-p65 complex appears to be 

involved in invasin-mediated activation of IL-
8 expression. The inhibitory effect of I-kappa-
B upon NF-kappa-B the cytoplasm is exerted 
primarily through the interaction with p65. 
p65 shows a weak DNA-binding site which 
could contribute directly to DNA binding in 

the NF-kappa-B complex. 

TGFB-
induced 
factor 

homeobox 2 

TGIF2 
 

The protein encoded by this gene is a DNA-
binding homeobox protein and a 
transcriptional repressor. The encoded protein 
appears to repress transcription by recruiting 
histone deacetylases to TGF beta-responsive 
genes. This gene is amplified and 
overexpressed in some ovarian cancers, and 
mutations in this gene can cause 
holoprosencephaly. [provided by RefSeq]. 

eukaryotic 
translation 
initiation 
factor 3 

EIF3S10 
 

Limited expression in lungs & kidneys only. 

WD repeat 
domain 38 

 
 NP_001038
941.1 

  

membrane 
protein, 

palmitoylate
d 4 

MPP4 
NM_033066.

2 

This gene encodes a member of the 
membrane-associated guanylate kinase 

(MAGUK) protein family, with an N-terminal 
PDZ domain, a central src homology 3 region 
(SH3), and a C-terminal guanylate kinase-like 
(GUK) domain. The protein is localized to the 
outer limiting membrane in the retina, and is 
thought to function in photoreceptor polarity 

and the organization of specialized 
intercellular junctions. 

alpha-2-
antiplasmin 
isoform a 
precursor 

SERPIN
F2 

 NM_000934.3 
FUNCTION: The major targets of this 

inhibitor are plasmin and trypsin, but it also 
inactivates chymotrypsin. 
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muscle 
specific ring 

finger 
protein 1 

TRIM63 NM_032588.2 

This gene encodes a member of the RING 
zinc finger protein family found in striated 
muscle and iris. The product of this gene is 
localized to the Z-line and M-line lattices of 
myofibrils, where titin's N-terminal and C-
terminal regions respectively bind to the 

sarcomere. 
LMOD2 NM_207163.1

tripartite 
motif-

containing 
39 isoform 2 

TRIM39 
NM_021253.

3 

The protein encoded by this gene is a member 
of the tripartite motif (TRIM) family. The 
TRIM motif includes three zinc-binding 

domains, a RING, a B-box type 1 and a B-
box type 2, and a coiled-coil region. The 

function of this protein has not been 
identified. This gene lies within the major 

histocompatibility complex class I region on 
chromosome 6. 

glutamate 
receptor, 

ionotropic, 
N-methyl 

GRINL1
A 

NM_001018102
.1 

This gene (GRINL1A) is part of a complex 
transcript unit that includes the gene for 
GRINL1A combined protein (Gcom1). 
Transcription of this gene occurs at a 

downstream promoter, with at least three 
different alternatively spliced variants, 

grouped together as Gdown for GRINL1A 
downstream transcripts. 

SH3-domain 
binding 

protein 1 
SH3BP1 

 

FUNCTION: Binds differentially to the SH3 
domains of certain proteins of signal 

transduction pathways. This protein binds 
preferentially to the ABL1 proto-oncogene, 
SRC and GRB2. Shows GAP activity for 

Rac-related proteins but not for Rho- or Ras-
related proteins. It inhibits PDGF-induced 
membrane ruffling mediated by Rac (By 

similarity). 

hairy and 
enhancer of 

split 3 
HES3 NM_001024598

.3 

FUNCTION: Transcriptional repressor of 
genes that require a bHLH protein for their 

transcription (By similarity). 

Eomesoder
min 

EOMES NM_005442.2 

This gene encodes a member of a conserved 
protein family that shares a common DNA-

binding domain, the T-box. T-box genes 
encode transcription factors involved in the 

regulation of developmental processes. 
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zinc finger 
protein 576 

ZNF576 
 

FUNCTION: May be involved in 
Transriptional Regulation. 

8. Cell Cycle 

Wilms' 
tumour 1-
associating 

protein 
isoform 1 

WTAP NM_004906.3 

FUNCTION: Regulates G2/M cell-cycle 
transition by binding to the 3' UTR of 

CCNA2, which enhances its stability. Impairs 
WT1 DNA- binding ability and inhibits 
expression of WT1 target genes. May be 
involved in mRNA splicing regulation. 

protein 
(peptidyl-

prolyl 
cis/trans 

isomerase) 

PIN4 NM_001170747
.1 

This gene encodes a member of the parvulin 
subfamily of the peptidyl-prolyl cis/trans 
isomerase protein family. The encoded 
protein catalyzes the isomerization of 

peptidylprolyl bonds, and may play a role in 
the cell cycle, chromatin remodeling, and/or 

ribosome biogenesis. 



73 

 

prestin 
isoform a 

SLC26A
5  

FUNCTION: Motor protein that converts 
auditory stimuli to length changes in outer 

hair cells and mediates sound amplification in 
the mammalian hearing organ. Prestin is a 
bidirectional voltage- to-force converter, it 
can operate at microsecond rates. It uses 
cytoplasmic anions as extrinsic voltage 

sensors, probably chloride and bicarbonate. 
After binding to a site with millimolar 

affinity, these anions are translocated across 
the membrane in response to changes in the 
transmembrane voltage. They move towards 

the extracellular surface following 
hyperpolarization, and towards the 

cytoplasmic side in response to 
depolarization. As a consequence, this 

translocation triggers conformational changes 
in the protein that ultimately alter its surface 
area in the plane of the plasma membrane. 

The area decreases when the anion is near the 
cytoplasmic face of the membrane (short 

state), and increases when the ion has crossed 
the membrane to the outer surface (long 

state). So, it acts as an incomplete transporter. 
It swings anions across the membrane, but 

does not allow these anions to dissociate and 
escape to the extracellular space. Salicylate, 

an inhibitor of outer hair cell motility, acts as 
competitive antagonist at the prestin anion-

binding site (By similarity). 

serine active 
site 

containing 1 

SERAC
1 

NM_032861 
Membrane; Single-pass membrane protein 

(Potential 

gap junction 
protein, beta 

7, 25kDa 
GJB7 NM_198568.2 

FUNCTION: One gap junction consists of a 
cluster of closely packed pairs of 

transmembrane channels, the connexons, 
through which materials of low MW diffuse 

from one cell to a neighboring cell (By 
similarity). 

PAP 
associated 

domain 
containing 5 

isoform a 

PAPD5 
NM_001040

284.2  
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AT rich 
interactive 
domain 3A 
(BRIGHT- 

like) 

ARID3
A 

NM_005224.2 

FUNCTION: Transcription factor which may 
be involved in the control of cell cycle 

progression by the RB1/E2F1 pathway and in 
B-cell differentiation. 

plasminogen 
activator, 

tissue 
isoform 1 

PLAT NM_000930.3 

FUNCTION: Converts the abundant, but 
inactive, zymogen plasminogen to plasmin by 

hydrolyzing a single Arg-Val bond in 
plasminogen. By controlling plasmin-

mediated proteolysis, it plays an important 
role in tissue remodeling and degradation, in 

cell migration and many other 
physiopathological events. Play a direct role 

in facilitating neuronal migration. 

9. DNA  

histone 
cluster 1, 

H2bi 

HIST1H
2BI 

NM_003525 

FUNCTION: Core component of 
nucleosome. Nucleosomes wrap and compact 

DNA into chromatin, limiting DNA 
accessibility to the cellular machineries which 
require DNA as a template. Histones thereby 
play a central role in transcription regulation, 

DNA repair, DNA replication and 
chromosomal stability. DNA accessibility is 

regulated via a complex set of post-
translational modifications of histones, also 

called histone code, and nucleosome 
remodeling. 

high-
mobility 

group box 3 
HMGB3 NM_005342.2 

SUBCELLULAR LOCATION: Nucleus (By 
similarity). 

FUNCTION: Binds preferentially single-
stranded DNA and unwinds double stranded 

DNA (By similarity). 

Werner 
syndrome, 

RecQ 
helicase-like 

WRN NM_000553.4 

FUNCTION: Essential for the formation of 
DNA replication focal centers; stably 

associates with foci elements generating 
binding sites for RP-A. Exhibits a 

magnesium-dependent ATP-dependent DNA- 
helicase activity. May be involved in the 

control of genomic stability (By similarity). 
DISEASE: Defects in WRN may be a cause 

of colorectal cancer (CRC). 
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zinc finger, 
BED-type 

containing 5 
ZBED5  NM_00114366

7.1 

This gene is unusual in that its coding 
sequence is mostly derived from Charlie-like 
DNA transposon; however, it does not appear 

to be an active DNA transposon as it is not 
flanked by terminal inverted repeats. The 
encoded protein is conserved among the 

mammalian Laurasiatheria branch. Multiple 
alternatively spliced variants, encoding the 

same protein, have been identified. 

histone 
cluster 2, 

H2ac 

HIST2H
2AC 

NM_003517.2 

Histones are basic nuclear proteins that are 
responsible for the nucleosome structure of 
the chromosomal fiber in eukaryotes. Two 
molecules of each of the four core histones 
(H2A, H2B, H3, and H4) form an octamer, 

around which approximately 146 bp of DNA 
is wrapped in repeating units, called 

nucleosomes. 

histone 
cluster 1, 

H1c 

HIST1H
1C  

Histones are basic nuclear proteins 
responsible for nucleosome structure of the 

chromosomal fiber in eukaryotes. Two 
molecules of each of the four core histones 
(H2A, H2B, H3, and H4) form an octamer, 

around which approximately 146 bp of DNA 
is wrapped in repeating units, called 

nucleosomes. 

retinoblasto
ma binding 
protein 2 
isoform 1 

JARID1
A 

NM_001042603
.1 

FUNCTION: Histone demethylase that 
specifically demethylates 'Lys- 4' of histone 
H3, thereby playing a central role in histone 
code. Does not demethylate histone H3 'Lys-
9', H3 'Lys-27', H3 'Lys-36', H3 'Lys-79' or 

H4 'Lys-20'. Demethylates trimethylated and 
dimethylated but not monomethylated H3 

'Lys-4'. May stimulate transcription mediated 
by nuclear receptors. May be involved in 
transcriptional regulation of Hox proteins 

during cell differentiation. May participate in 
transcriptional repression of cytokines such as 

CXCL12. 

Myb-like, 
SWIRM and 

MPN 
domains 1 

MYSM1 NM_001085487
.1 

FUNCTION: Metalloprotease that 
specifically deubiquitinates 

monoubiquitinated histone H2A, a specific 
tag for epigenetic transcriptional repression, 
thereby acting as a coactivator. Preferentially 
deubiquitinates monoubiquitinated H2A in 

hyperacetylated nucleosomes. 
Deubiquitination of histone H2A leads to 
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facilitate the phosphorylation and dissociation 
of histone H1 from the nucleosome. Acts as a 
coactivator by participating in the initiation 
and elongation steps of androgen receptor 

(AR)-induced gene activation. 
UV excision 

repair 
protein 
RAD23 

homolog B 

RAD23
B 

NM_002874.3 

The protein encoded by this gene is one of 
two human homologs of Saccharomyces 

cerevisiae Rad23, a protein involved in the 
nucleotide excision repair (NER). 

phospholipa
se A2, group 

IIF 

PLA2G
2F 

 NM_022819.3 
 

10. Metabolism 

NADH 
dehydrogen

ase 
(ubiquinone

) 1 alpha 
subcomplex, 

assembly 
factor 2 

NDUFA
12L  

The human NDUFA1 gene codes for an 
essential component of complex I of the 

respiratory chain, which transfers electrons 
from NADH to ubiquinone. 

protein 
kinase, 
AMP-

activated, 
gamma 1 

non-
catalytic 
subunit 

PRKAG
1  

FUNCTION: AMPK is responsible for the 
regulation of fatty acid synthesis by 

phosphorylation of acetyl-CoA carboxylase. 
Also regulates cholesterol synthesis via 

phosphorylation and inactivation of 
hydroxymethylglutaryl-CoA reductase and 

hormone- sensitive lipase. This is a regulatory 
subunit. 

SIMILARITY: Belongs to the 5'-AMP-
activated protein kinase gamma subunit 

family. 

NADH-
ubiquinone 
oxidoreduct

ase Fe-S 
protein 7 

Q8NAS
7_HUM

AN 
 

This protein is one of over 40 subunits found 
in complex I, the nicotinamide adenine 

dinucleotide (NADH):ubiquinone 
oxidoreductase. This complex functions in the 

transfer of electrons from NADH to the 
respiratory chain, and ubiquinone is believed 
to be the immediate electron acceptor for the 

enzyme. 
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phospholipi
d 

scramblase 
family, 

member 5 

PLSCR5 
 

 

SIMILARITY: Belongs to the phospholipid 
scramblase family. 

   
  
 

fibroblast 
growth 

factor 21 
precursor 

FGF21 
 

FUNCTION: Stimulates glucose uptake in 
differentiated adipocytes via the induction of 
glucose transporter SLC2A1/GLUT1, but not 

SLC2A4/GLUT4, expression. 

component 
of golgi 
transport 

complex 3 

COG3 NM_031431.2 

The protein encoded by this gene has 
similarity to a yeast protein. It seems to be 

part of a peripheral membrane protein 
complex localized on cis/medial Golgi 

cisternae where it may participate in tethering 
intra-Golgi transport vesicles.  

sialic acid 
binding Ig-
like lectin 7 
isoform 1 

SIGLEC
7  

FUNCTION: Putative adhesion molecule that 
mediates sialic-acid dependent binding to 

cells. Preferentially binds to alpha-2,3- and 
alpha-2,6-linked sialic acid. Also binds 
disialogangliosides (disialogalactosyl 

globoside, disialyl lactotetraosylceramide and 
disialyl GalNAc lactotetraoslylceramide). The 
sialic acid recognition site may be masked by 
cis interactions with sialic acids on the same 

cell surface. In the immune response, may act 
as an inhibitory receptor upon ligand induced 

tyrosine phosphorylation by recruiting 
cytoplasmic phosphatase(s) via their SH2 
domain(s) that block signal transduction 
through dephosphorylation of signaling 

molecules. Mediates inhibition of natural 
killer cells cytotoxicity. May play a role in 

hemopoiesis. Inhibits differentiation of 
CD34+ cell precursors towards 

myelomonocytic cell lineage and proliferation 
of leukemic myeloid cells (in vitro). 
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solute 
carrier 

family 25 
(mitochondr
ial carrier; 

SLC25A
10 

NM_012140.3 

The dicarboxylate carrier catalyzes the 
transport of dicarboxylates such as malate and 
succinate across the mitochondrial membrane 

in exchange for phosphate, sulfate, and 
thiosulfate, thus supplying substrates for the 

Krebs cycle, gluconeogenesis, urea synthesis, 
and sulfur metabolism. 

BET3 like BET3L NM_001139444
.2 

FUNCTION: May play a role in vesicular 
transport from endoplasmic reticulum to 

Golgi (By similarity). 

ubiquitin-
activating 

enzyme E1 
UBE1 NM_003334.3 

FUNCTION: Activates ubiquitin by first 
adenylating its C-terminal glycine residue 

with ATP, and thereafter linking this residue 
to the side chain of a cysteine residue in E1, 
yielding an ubiquitin- E1 thioester and free 

AMP. 

G protein-
coupled 

receptor 119 
GPR119 

 

FUNCTION: Receptor for the endogenous 
fatty-acid ethanolamide oleoylethanolamide 
(OEA) and lysophosphatidylcholine (LPC). 

Functions as a glucose-dependent 
insulinotropic receptor. The activity of this 
receptor is mediated by G proteins which 
activate adenylate cyclase. Seems to act 

through a G(s) mediated pathway. 

sphingomye
lin 

phosphodies
terase 2, 
neutral 

SMPD2  NM_003080.2 

This gene encodes a protein which was 
initially identified as a sphingomyelinase 

based on sequence similarity between 
bacterial sphingomyelinases and a yeast 

protein. Subsequent studies showed that its 
biological function is less likely to be as a 

sphingomyelinase and instead as a 
lysophospholipase. 
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radical S-
adenosyl 

methionine 
domain 

containing 

RSAD2  NM_080657.4 

FUNCTION: Involved in antiviral defense. 
May impair virus budding by disrupting lipid 
rafts at the plasma membrane, a feature which 
is essential for the budding process of many 

viruses. Acts through binding with and 
inactivating FPPS, an enzyme involved in 
synthesis of cholesterol, farnesylated and 

geranylated proteins, ubiquinones dolichol 
and heme. Plays a major role in the cell 

antiviral state induced by type I and type II 
interferon. Displays antiviral effect against 

HIV-1 virus, hepatitis C virus, human 
cytomegalovirus, and aphaviruses, but not 

vesiculovirus. 

metallothion
ein 1M 

MT1M 
 

FUNCTION: Metallothioneins have a high 
content of cysteine residues that bind various 

heavy metals (By similarity). 

apolipoprote
in M 

APOM NM_019101 

The protein encoded by this gene is an 
apolipoprotein and member of the lipocalin 
protein family. It is found associated with 
high density lipoproteins and to a lesser 
extent with low density lipoproteins and 

triglyceride-rich lipoproteins. The encoded 
protein is secreted through the plasma 

membrane but remains membrane-bound, 
where it is involved in lipid transport. Two 
transcript variants encoding two different 

isoforms have been found for this gene, but 
only one of them has been fully characterized.

uncoupling 
protein 1 

UCP1 NM_021833.4 

FUNCTION: UCP are mitochondrial 
transporter proteins that create proton leaks 
across the inner mitochondrial membrane, 
thus uncoupling oxidative phosphorylation 
from ATP synthesis. As a result, energy is 

dissipated in the form of heat. 

ST8 alpha-
N-acetyl-

neuraminide 

ST8SIA
5 

 NM_013305.4 

FUNCTION: May be involved in the 
synthesis of gangliosides GD1c, GT1a, GQ1b 
and GT3 from GD1a, GT1b, GM1b and GD3 

respectively. 
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NADH-
ubiquinone 
oxidoreduct

ase Fe-S 
protein 7 

NDUFS
7 

NM_024407.4 

This gene encodes a protein that is a subunit 
of one of the complexes that forms the 

mitochondrial respiratory chain. This protein 
is one of over 40 subunits found in complex I, 

the nicotinamide adenine dinucleotide 
(NADH):ubiquinone oxidoreductase. This 

complex functions in the transfer of electrons 
from NADH to the respiratory chain, and 

ubiquinone is believed to be the immediate 
electron acceptor for the enzyme. 

exostosin 1 EXT1 NM_000127.2 

This gene encodes an endoplasmic reticulum-
resident type II transmembrane 

glycosyltransferase involved in the chain 
elongation step of heparan sulfate 

biosynthesis. 

inositol 
polyphospha

te 
multikinase 

IPMK NM_152230.3 

FUNCTION: Inositol phosphate kinase with a 
broad substrate specificity. Has a preference 

for inositol-1,4,5-trisphosphate (Ins(1,4,5)P3) 
and inositol 1,3,4,6-tetrakisphosphate. 

RAB39B, 
member 

RAS 
oncogene 

family 

RAB39
B 

NM_171998.2 FUNCTION: May be involved in vesicular 
trafficking. 

sphingomye
lin 

phosphodies
terase 1, 

acid 

SMPD1 
 

The protein encoded by this gene is a 
lysosomal acid sphingomyelinase that 

converts sphingomyelin to ceramide. The 
encoded protein also has phospholipase C 
activity. Defects in this gene are a cause of 
Niemann-Pick disease type A (NPA) and 

Niemann-Pick disease type B (NPB). 

hypothetical 
protein 

LOC60686 
precursor 

C14orf9
3   

diamine N-
acetyltransfe

rase 1 
SAT1 

 

The protein encoded by this gene belongs to 
the acetyltransferase family, and is a rate-

limiting enzyme in the catabolic pathway of 
polyamine metabolism. It catalyzes the 

acetylation of spermidine and spermine, and 
is involved in the regulation of the 

intracellular concentration of polyamines and 
their transport out of cells. 
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mitochondri
al 

trifunctional 
protein, 
alpha 

HADH
A  

This gene encodes the alpha subunit of the 
mitochondrial trifunctional protein, which 

catalyzes the last three steps of mitochondrial 
beta-oxidation of long chain fatty acids. 

phospholipa
se A2, group 

XIIA 
precursor 

PLA2G
12A  

Secreted phospholipase A2 (sPLA2) enzymes 
liberate arachidonic acid from phospholipids 

for production of eicosanoids and exert a 
variety of physiologic and pathologic effects. 

phosphatidy
linositol 
glycan 
anchor 

biosynthesis
, 

PIGS 
NM_033198.

3 

FUNCTION: Component of the GPI 
transamidase complex. Essential for transfer 
of GPI to proteins, particularly for formation 

of carbonyl intermediates. 

alpha-1-
microglobul
in/bikunin 

preproprotei
n 

AMBP 
NM_001633.

3 

FUNCTION: Inter-alpha-trypsin inhibitor 
inhibits trypsin, plasmin, and lysosomal 

granulocytic elastase. Inhibits calcium oxalate 
crystallization. 

cholinergic 
receptor, 
nicotinic, 
alpha 7 

CHRNA
7 

NM_000746.
4 

FUNCTION: After binding acetylcholine, the 
AChR responds by an extensive change in 
conformation that affects all subunits and 

leads to opening of an ion-conducting channel 
across the plasma membrane. The channel is 

blocked by alpha-bungarotoxin. 

Belongs to 
the 

aspartyl/asp
araginyl 

beta-
hydroxylase 

family. 

ASPHD
1 

NM_181718.
3 

 
 
 
 

 

fumarate 
hydratase 
precursor 

FH 

NM_000143.
3 

 
 
 
 
 

The protein encoded by this gene is an 
enzymatic component of the tricarboxylic 

acid (TCA) cycle, or Krebs cycle, and 
catalyzes the formation of L-malate from 

fumarate. It exists in both a cytosolic form 
and an N-terminal extended form, differing 

only in the translation start site used. 

pancreatic 
lipase-
related 

PNLIPR
P2  

SUBCELLULAR LOCATION: Secreted. 
TISSUE SPECIFICITY: Pancreas. 
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protein 2 

ceroid-
lipofuscinos
is, neuronal 

5 

CLN5 
 

SUBCELLULAR LOCATION: Lysosome. 
TISSUE SPECIFICITY: Ubiquitous. 

PTM: Glycosylated. 
DISEASE: Defects in CLN5 are the cause of 

ceroid lipofuscinosis neuronal 5 (CLN5) 
[MIM:256731]; also known as Finnish variant 

late-infantile neuronal ceroid lipofuscinosis 
(vLINCL). It is a fatal childhood 

neurodegenerative disease characterized by 
progressive visual and mental decline, motor 
disturbance, epilepsy and behavioral changes. 

The first symptom is motor clumsiness, 
followed by progressive visual failure, mental 

and motor deterioration and later by 
myoclonia and seizures. 

 
MTND3 

 
not found only MTND5 found 

ubiquitin D 
UBD_H
UMAN NM_006398.3  

 
PRPS1 NM_002764.3 

 

 
BCMO1 NM_017429.2 

 

Fas 
(TNFRSF6) 

binding 
factor 1 

FBF1 

NM_001080542
.1 

 
 
 
 
 
 
 
 

May interact with FAS cytoplasmic domain 
(By similarity). 
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11. Oncogenesis 

chemokine 
(C-C motif) 
ligand 20 

CCL20 
 

FUNCTION: Chemotactic factor that attracts 
lymphocytes and, slightly, neutrophils, but 

not monocytes. Inhibits proliferation of 
myeloid progenitors in colony formation 
assays. May be involved in formation and 

function of the mucosal lymphoid tissues by 
attracting lymphocytes and dendritic cells 

towards epithelial cells. C-terminal processed 
forms have been shown to be equally 
chemotactically active for leukocytes. 

Possesses antibacterial activity E.coli ATCC 
25922 and S.aureus ATCC 29213. 

seizure 
related 6 
homolog 

(mouse)-like 
2 

SEZ6L2  NM_00111409
9.1 

FUNCTION: May contribute to specialized 
endoplasmic reticulum functions in neurons 

(By similarity).SUBCELLULAR 
LOCATION: Cell membrane; Single-pass 

type I membrane protein. Endoplasmic 
reticulum membrane; Single-pass type I 

membrane protein (By similarity). 
INDUCTION: Increased expression in the 
majority of primary lung cancers and lung-
cell lines tested. SIMILARITY: Belongs to 

the SEZ6 family. 

ELMO/CED
-12 domain 
containing 2 

ELMOD
2  

Gene Expression data shows its expression in 
Adrenal cortex, Pancreas, Leukemia chronic 

myogeneous cells. 

adenomatosi
s polyposis 
coli down-
regulated 

APCDD
1L  

Adenomatosis polyposis coli down-regulated 
1 protein-like 

p30 DBC 
protein 

Q8N164
_HUMA

N 
 

Expressed ubiquitously in normal tissues. 
Expressed in 84 to 100% of neoplastic breast, 

lung, and colon tissues. 

synuclein, 
gamma 
(breast 
cancer-
specific 
protein 

SNCG 
NM_003087.

2 

This gene encodes a member of the synuclein 
family of proteins which are believed to be 

involved in the pathogenesis of 
neurodegenerative diseases. Mutations in this 

gene have also been associated with breast 
tumor development. 

 
C9orf12

6 
NM_001144

877.2 
not found plz check the name again 
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PKD2 
interactor, 
golgi and 

endoplasmic 
reticulum 

PGEA1 
NM_001002

880.1 

FUNCTION: Inhibits the Wnt/Wingless 
pathway by binding to beta- catenin and 

inhibiting beta-catenin-mediated 
transcriptional activation through competition 
with TCF/LEF transcription factors. Has also 

been shown to play a role in regulating the 
intracellular trafficking of polycystin-2/PKD2 

and possibly of other intracellular proteins. 
Promotes adipocyte and cardiomyocyte 

differentiation. 
G patch 
domain 

containing 2 

GPATC
H2 

NM_018040.
2 

involved in skin related functions due to its 
tissue specifis expression data 

Spindling SPIN1 
  

12. Reproductive functions 

diaphanous 
2 isoform 

156 
DIAPH2 

NM_006729.
4 

 
 
 
 
 

The product of this gene belongs to the 
diaphanous subfamily of the formin 

homology family of proteins. This gene may 
play a role in the development and normal 

function of the ovaries. Defects in this gene 
have been linked to premature ovarian failure 

2. 

X antigen 
family, 

member 5 
XAGE5 

 

This gene is a member of the XAGE 
subfamily, which belongs to the GAGE 

family. The GAGE genes are expressed in a 
variety of tumors and in some fetal and 

reproductive tissues. 

heat shock 
protein 

family B 
(small), 

member 11 

C1orf41 
NM_016126.

2 
Detected in placenta 

testis 
expressed 

14 
TEX14 NM_031272.3 

 

leucine rich 
repeat 

containing 
18 

LRRC1
8  

FUNCTION: May be involved in the 
regulation of spermatogenesis and sperm 

maturation (By similarity).SUBCELLULAR 
LOCATION: Cytoplasm (By similarity). 

13. Transcription 
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hypothetical 
protein 

LOC131831 

Q8NCZ
5_HUM

AN 
 

under investigation 

ladybird 
homeobox 2 

LBX2 
 

Gene expression data shows its expression 
related to whole blood & BM-CD34+ cells. 

prostate and 
testis 

expressed 2 
precursor 

C11orf3
8  

TISSUE SPECIFICITY: Isoform 1 and 
isoform 2 are expressed in prostate and testis. 

Isoform 2 is expressed in male and female 
brain at equivalent levels, in particular in 

cerebellum, cerebral cortex, corpus callosum, 
occipital, parrietal and temporal lobes, and 

pons, but not in amygdala, cerebral peduncle, 
hippocampus and thalamus. 

SIMILARITY: Belongs to the PATE family. 

family with 
sequence 
similarity 

89, member 
A 

FAM89
A 

NM_198552.2 
 

 

Q8N7A
6_HUM

AN 
  

UBX 
domain 

protein 10 
UBXD3 NM_152376.3 

 

SubName: 
Full=cDNA 
FLJ37429 
fis, clone 

BRAWH20
01666 

Q8N9G
5_HUM

AN 
 

 
 
 
 
 
 
 

major 
facilitator 

superfamily 
domain 

containing 

 
NP_689812.

2  

  
NP_055812.

1  

14. Un characterized 
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xin actin-
binding 
repeat 

containing 1 

CMYA1 
NP_660343.

1 
FUNCTION: Protects actin filaments from 

depolymerization. 

hypothetical 
protein 

LOC203111 
C8orf47 

NM_001170
806.1  

hypothetical 
protein 

LOC220108 

Q8N8P9
_HUMA

N 
  

ankyrin 
repeat 

domain 43 
precursor 

ANKRD
43  

Contains 2 ANK repeats. 

Uncharacter
ized protein 
C16orf52 

Q8NHV
5-2   

pleckstrin 
homology 

domain 
containing, 
family H 

PLEKH
H2 

NM_172069.3

Multiple expression & roles 

ubiquitin-
fold 

modifier 
conjugating 
enzyme 1 

UFC1 
NP_079425.

2 
UFC1 is an E2-like conjugating enzyme for 

ubiquitin-fold modifier-1 

R3H domain 
and coiled-

coil 
containing 1 

R3HCC
1 

NM_001136108
.1  

KIAA1751 
(hypothetica

l protein 
LOC85452) 

KIAA17
51 

NM_001080484
.1 Express mainly PB-CD 14+ moncytes cells 

hypothetical 
protein 

LOC643161 

FAM25
_HUMA

N 

NP_775969.
1 

under research 
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hypothetical 
protein 

LOC84226 
C2orf16 NM_032266.3 Gene Expression related to Thyroid & skin 

hypothetical 
protein 

LOC645090 

LOC645
018 

XM_938104.1 
 

hypothetical 
protein 

LOC157983 
C9orf66 NM_152569.2 

 

Hypothetica
l Protein 

Q96RZ4
_HUMA

N 

NP_0010180
22.1  

hypothetical 
protein 

LOC135398 

C6orf14
1 

NP_0010082
16.1  

Hypothetica
l Protein 

EPM2A
IP1 

NP_067651.
2  

stimulated 
by retinoic 

acid 13 
STRA13 NM_144998.2 Expression & role in Liver functions 

hydrogen 
voltage-

gated 
channel 1 

HVCN1 

NM_001040107
.1 

FUNCTION: Mediates the voltage-dependent 
proton permeability of excitable membranes. 

Forms a proton-selective channel through 
which protons may pass in accordance with 

their electrochemical gradient. Proton efflux, 
accompanied by membrane depolarization, 

facilitates acute production of reactive oxygen 
species in phagocytosis.ENZYME 

REGULATION: Sensitive to zinc ions and is 
inhibited by them.SUBCELLULAR 
LOCATION: Membrane; Multi-pass 

membrane protein. 
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synaptotagm
in XI 

SYT11 NM_152280.4 

FUNCTION: May be involved in Ca(2+)-
dependent exocytosis of secretory vesicles 

through Ca(2+) and phospholipid binding to 
the C2 domain or may serve as Ca(2+) 

sensors in the process of vesicular trafficking 
and exocytosis (By similarity). 

15. Cell signalling 

guanylate 
kinase 1 

GUK1 NM_000858.5 Mainly expressed in brain. 

FERM 
domain 

containing 6 

Q96NE9
-6  

Expression in co relation with CD33 in 
myeloid cells. 

leucine rich 
repeat 

containing 
37B 

LRRC3
7B 

NM_052888.
2 

Act as Receptor, and expression is mainly in 
thyroid region. 

suppressor 
of fused 
homolog 

(Drosophila) 

SUFU NM_001178133
.1 

FUNCTION: Negative regulator in the 
hedgehog signaling pathway. Down-regulates 

GLI1-mediated transactivation of target 
genes. Part of a corepressor complex that acts 

on DNA-bound GLI1. May also act by 
linking GLI1 to BTRC and thereby targeting 

GLI1 to degradation by the proteasome. 
Sequesters GLI1, GLI2 and GLI3 in the 

cytoplasm, this effect is overcome by binding 
of STK36 to both SUFU and a GLI protein. 
Negative regulator of beta-catenin signaling. 

DEP domain 
containing 7 
(novel 58.3 

KDA 
protein 

isoform 1) 

DEPDC
7 

NM_001077
242.1 

 
 
 

TISSUE SPECIFICITY: Expressed in liver. 
SIMILARITY: Belongs to the DEPDC7 

family. 

MORC 
family CW-

type zinc 
MORC3 

NM_015358.
2 

May invilve in signal transduction. 
Expression high in brain and adipocyte tissue 
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finger 3 

SH3 and 
cysteine rich 

domain 2 
STAC2 

NM_198993.
3 

SIMILARITY: Contains 1 SH3 domain thus 
involved in signal transduction 

discs, large 
homolog 1 

(Drosophila) 
DLG1 

NM_001098
424.1 

SIMILARITY: Contains 1 SH3 domain. 
SIMILARITY: Contains 1 guanylate kinase-

like domain. 
 Involved in Kinase pathways 

Ras and Rab 
interactor 2 

RIN2 
NM_018993.

2 

The protein encoded by this gene binds the 
GTP-bound form of the RAB5 protein 

preferentially over the GDP-bound form, and 
functions as a guanine nucleotide exchange 

factor for RAB5. The encoded protein is 
found primarily as a tetramer in the cytoplasm 
and does not bind other members of the RAB 

family.  

endogenous 
retroviral 

sequence K, 
6 

ERVK6 
NM_001007

236.1  

ring finger 
protein 175 

RNF175 
NM_173662.

2 
Contain Zing finger thus act as transcription 

factor. 

guanine 
nucleotide 

binding 
protein (G 
protein), 

GNGT1 
NM_021955.

3 

Heterotrimeric guanine nucleotide-binding 
proteins (G proteins) transduce extracellular 
signals received by transmembrane receptors 

to effector proteins. 

signal 
peptidase 
complex 
subunit 1 
homolog 

SPCS1 

NM_014041.
3 

 
 
 

FUNCTION: Component of the microsomal 
signal peptidase complex which removes 

signal peptides from nascent proteins as they 
are translocated into the lumen of the 

endoplasmic reticulum (By similarity). 

forkhead 
box D4-like 

3 

FOXD4
L3 

NM_199135.
4  
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G protein-
coupled 

receptor 126 
beta 1 

precursor 

GPR126 
NM_001032

394.2 

This gene, which is upregulated in human 
umbilical vein endothelial cells, encodes a G 
protein-coupled receptor. Variations in this 
gene can affect a person's stature. Multiple 

transcript variants encoding different proteins 
have been found for this gene.  

vav 2 
guanine 

nucleotide 
exchange 

factor 
isoform 

VAV2 
NM_001134

398.1 

FUNCTION: Guanine nucleotide exchange 
factor for the Rho family of Ras-related 

GTPases. 

rotatin 
Q96IN9
_HUMA

N 

NP_0010089
17.1 

FUNCTION: Involved in the genetic cascade 
that governs left-right specification. Required 

for correct asymmetric expression of 
NODAL, LEFTY and PITX2 (By similarity). 

serine/threo
nine kinase 

16 
  

FUNCTION: Protein kinase that act on both 
serine and threonine residues. 

Ewing 
sarcoma 

breakpoint 
region 1 

isoform 1 

EWSR1 
NM_001163

285.1 

This gene encodes a multifunctional protein 
that is involved in various cellular processes, 
including gene expression, cell signaling, and 
RNA processing and transport. The protein 

includes an N-terminal transcriptional 
activation domain and a C-terminal RNA-

binding domain. 

CD47 
antigen 

isoform 1 
precursor 

CD47 
NM_001777.

3 

This gene encodes a membrane protein, 
which is involved in the increase in 

intracellular calcium concentration that occurs 
upon cell adhesion to extracellular matrix. 

The encoded protein is also a receptor for the 
C-terminal cell binding domain of 

thrombospondin, and it may play a role in 
membrane transport and signal transduction. 
This gene has broad tissue distribution, and is 

reduced in expression on Rh erythrocytes. 
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dihydropyri
midinase-

like 3 

DPYSL
3  

FUNCTION: Necessary for signaling by class 
3 semaphorins and subsequent remodeling of 

the cytoskeleton. Plays a role in axon 
guidance, neuronal growth cone collapse and 

cell migration (By similarity). 

chromosom
e 10 open 
reading 

frame 46 

C10orf4
6 

NM_153810.
4 

Belongs to the cullin family. 

ADP-
ribosylation 

factor 
GTPase 

activating 

ZNF289 
NM_032389.

3 

FUNCTION: GTPase-activating protein 
(GAP) for ADP ribosylation factor 1 (ARF1). 

Implicated in coatomer-mediated protein 
transport between the Golgi complex and the 
endoplasmic reticulum. Hydrolysis of ARF1-

bound GTP may lead to dissociation of 
coatomer from Golgi-derived membranes to 

allow fusion with target membranes. 

RAS guanyl 
releasing 
protein 3 
(calcium 

and 

RASGR
P3  

Members of the RAS (see HRAS; MIM 
190020) subfamily of GTPases function in 
signal transduction as GTP/GDP-regulated 
switches that cycle between inactive GDP- 

and active GTP-bound states. Guanine 
nucleotide exchange factors (GEFs), such as 

RASGRP3, serve as RAS activators by 
promoting acquisition of GTP to maintain the 
active GTP-bound state and are the key link 

between cell surface receptors and RAS 
activation (Rebhun et al., 2000). 

G protein-
coupled 

receptor 128 
precursor 

GPR128 
NM_032787.

2 
FUNCTION: Orphan receptor. 

small 
proline-rich 
protein 1A 

SPRR1
A 

NM_005987.
2  

cyclin-
dependent 
kinase 4 

CDK4 NM_032913 
The protein encoded by this gene is a member 

of the Ser/Thr protein kinase family. 

hypothetical 
protein 

LOC51161 
C3orf18 NM_001171740

.2  
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RASD 
family, 

member 2 
precursor 

RASD2 
 

FUNCTION: Binds to GTP and possesses 
intrinsic GTPase activity. May play a role in 
mediating signal transduction (By similarity). 

May be involved in mediating the insulin 
secretory response to efaroxan. 

ventricular 
zone 

expressed 
PH domain 
homolog 1 

VEPH1 

NM_001167
911.1 

 
 
 

The PH domain is required for membrane 
targeting (By similarity 

fibronectin 
type III 
domain 

containing 5 

FNDC5 
NM_001171

940.1  

PWWP 
domain 

containing 
2A isoform 

b 

Q8IYR3
_HUMA

N 
 

Contains 1 PWWP domain 

GRAM 
domain 

containing 
1A isoform 

1 

GRAM
D1A  

Contains 1 GRAM domain. 

ubiquitin-
like with 
PHD and 

ring finger 
domains 

UHRF1 NM_001048201
.1 

This gene encodes a member of a subfamily 
of RING-finger type E3 ubiquitin ligases 

cysteinyl 
leukotriene 
receptor 2 

CYSLT
R2  

The cysteinyl leukotrienes LTC4, LTD4, and 
LTE4 are important mediators of human 

bronchial asthma. Pharmacologic studies have 
determined that cysteinyl leukotrienes 
activate at least 2 receptors, the protein 

encoded by this gene and CYSLTR1. This 
encoded receptor is a member of the 

superfamily of G protein-coupled receptors. It 
seems to play a major role in endocrine and 

cardiovascular systems. 

enhancer of 
rudimentary 

homolog 
ERH 

NM_004450.
2 

Expression in dorsal & ciliary ganglion and 
heart & skin 
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follicle 
stimulating 
hormone 
receptor 

isoform 1 

FSHR NM_000145.3 

FUNCTION: Receptor for follicle-stimulating 
hormone. The activity of this receptor is 
mediated by G proteins which activate 

adenylate cyclase 

WD repeat 
domain 86 

WDR86 
NM_198285.

2 
Contains 8 WD repeats 

Ras-GTPase 
activating 

protein SH3 
domain-
binding 

G3BP2 
NM_012297.

4  

zinc finger 
protein 470 

ZNF470 
NM_001001

668.3 
Contains 1 KRAB domain. 

smoothened 
precursor 

SMO 

NM_005631.
4 

 
 
 
 

The protein encoded by this gene is a G 
protein-coupled receptor that interacts with 
the patched protein, a receptor for hedgehog 

proteins. The encoded protein tranduces 
signals to other proteins after activation by a 
hedgehog protein/patched protein complex.  

fibulin 5 
precursor 

FBLN5 

NM_006329.
3 

 
 
 
 
 

The protein encoded by this gene is a 
secreted, extracellular matrix protein 

containing an Arg-Gly-Asp (RGD) motif and 
calcium-binding EGF-like domains. It 
promotes adhesion of endothelial cells 

through interaction of integrins and the RGD 
motif. It is prominently expressed in 

developing arteries but less so in adult 
vessels. 

non-specific 
serine/threo
nine protein 

kinase 

PIM1 
NM_002648.

3 
Belongs to the protein kinase superfamily. 

zinc finger 
protein 106 

homolog 
ZFP106 

NM_002247
3.1 

Contains 6 WD repeats. 

zinc finger 
protein 189 
isoform 1 

ZNF189 

NM_003452.
2 

 
 

FUNCTION: May be involved in 
transcriptional regulation. 
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3-
phosphoinos

itide 
dependent 

protein 
kinase-1 

Q6A1A
2_HUM

AN 
 

FUNCTION: Phosphorylates and activates 
not only PKB/AKT, but also PKA, PKC-zeta, 
RPS6KA1 and RPS6KB1. May play a general 

role in signaling processes and in 
development (By similarity). Isoform 3 is 

catalytically inactive. 

protocadheri
n beta 14 
precursor 

PCDHB
14  

This gene is a member of the protocadherin 
beta gene cluster, one of three related gene 

clusters tandemly linked on chromosome five. 
The gene clusters demonstrate an unusual 

genomic organization similar to that of B-cell 
and T-cell receptor gene clusters. 

RAB11 
family 

interacting 
protein 

RAB11
FIP4 

NM_032932.
3  

signal 
recognition 

particle 
receptor, 

beta 

SRPRB 

NM_021203.
3 

 
 
 
 
 
 

The protein encoded by this gene has 
similarity to mouse protein which is a subunit 

of the signal recognition particle receptor 
(SR). This subunit is a transmembrane 

GTPase belonging to the GTPase 
superfamily. It anchors alpha subunit, a 
peripheral membrane GTPase, to the ER 

membrane. SR is required for the 
cotranslational targeting of both secretory and 

membrane proteins to the ER membrane. 

multiple 
PDZ domain 

protein 
MPDZ 

NM_003829.
3 

Lymphoblasts+T cells & B cells expression 

 
PRKAG

2 
NG_007486.

1  

dynein, 
axonemal, 

heavy chain 
8 

DNAH8 
 

FUNCTION: Force generating protein of 
respiratory cilia. Produces force towards the 

minus ends of microtubules. Dynein has 
ATPase activity; the force-producing power 
stroke is thought to occur on release of ADP. 

Involved in sperm motility; implicated in 
sperm flagellar assembly (By similarity). 
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olfactory 
receptor, 
family 9, 
subfamily 
A, member 

2 

OR9A2 NM_001001658
.1 

SIMILARITY: Belongs to the G-protein 
coupled receptor 1 family.The olfactory 
receptor proteins are members of a large 
family of G-protein-coupled receptors 

(GPCR) arising from single coding-exon 
genes. Olfactory receptors share a 7-

transmembrane domain structure with many 
neurotransmitter and hormone receptors and 

are responsible for the recognition and G 
protein-mediated transduction of odorant 

signals. The olfactory receptor gene family is 
the largest in the genome. 

G protein-
coupled 

receptor 126 
beta 1 

precursor 

GPR126 
NM_001032

394.2  

coiled-coil 
domain 

containing 
149 isoform 

2 

 
NP_775734.

1  

16. Immue response 

glutathione 
S-

transferase 
omega 1 

GSTO1 NM_001191002
.1 

SUBCELLULAR LOCATION: 
Cytoplasm.TISSUE SPECIFICITY: 

Ubiquitous. Highest expression in liver, 
skeletal muscle and heart. Lowest expression 

in brain, placenta and lung. 
FUNCTION: Exhibits glutathione-dependent 

thiol transferase and dehydroascorbate 
reductase activities. 

toll-like 
receptor 4 

TLR4 
 

FUNCTION: Cooperates with LY96 and 
CD14 to mediate the innate immune response 

to bacterial lipopolysaccharide (LPS). Acts 
via MYD88, TIRAP and TRAF6, leading to 
NF-kappa-B activation, cytokine secretion 
and the inflammatory response.The protein 

encoded by this gene is a member of the Toll-
like receptor (TLR) family which plays a 

fundamental role in pathogen recognition and 
activation of innate immue response. TLRs 

are highly conserved from Drosophila to 
humans and share structural and functional 

similarities. They recognize pathogen-
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associated molecular patterns (PAMPs) that 
are expressed on infectious agents, and 

mediate the production of cytokines necessary 
for the development of effective immue 

response. 

triggering 
receptor 

expressed 
on myeloid 

TREML
1 

NM_178174.
2 

FUNCTION: Cell surface receptor that may 
play a role in the innate and adaptive immune 

response. 

leucine rich 
repeat and 
Ig domain 

containing 4 

LRRN6
D 

NM_001004
432.2 

Contains 1 Ig-like C2-type (immunoglobulin-
like) domain. 

Contains 13 LRR (leucine-rich) repeats. 

melanoma 
inhibitory 
activity 

precursor 

MIA 

NM_006533.
2 

 
 
 

whole blood expression 

hypothetical 
protein 

LOC126321 
isoform a 

CS029_
HUMA

N 
 

whole Blood expression 

myeloprolif
erative 

leukemia 
virus 

oncogene 

MPL 
NP_620158.

2 

The protein encoded by the c-mpl gene, 
CD110, is a 635 amino acid transmembrane 

domain, with two extracellular cytokine 
receptor domains and two intracellular 
cytokine receptor box motifs . TPO-R 

deficient mice were severely 
thrombocytopenic, emphasizing the important 

role of CD110 and thrombopoietin in 
megakaryocyte and platelet formation. 

coiled-coil 
domain 

containing 
148 

  
Expression related to B Lymphocytes 
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ADAMTS-
like 2 

ADAM
TSL2 

NM_001145
320.1 

 
 
 
 
 
 
 
 

This gene encodes a member of the 
ADAMTS (a disintegrin and 

metalloproteinase with thrombospondin 
motifs) and ADAMTS-like protein family. 

Members of the family share several distinct 
protein modules, including a propeptide 
region, a metalloproteinase domain, a 

disintegrin-like domain, and a 
thrombospondin type 1 (TS) motif. Individual 
members of this family differ in the number 

of C-terminal TS motifs, and some have 
unique C-terminal domains. 

 
OTOA 

NM_001161
683.1  

mucin 2 
precursor 

MUC2 

NM_002457.
2 

 
 
 
 
 
 
 

FUNCTION: Coats the epithelia of the 
intestines, airways, and other mucus 

membrane-containing organs. Thought to 
provide a protective, lubricating barrier 
against particles and infectious agents at 

mucosal surfaces. Major constituent of both 
the inner and outer mucus layers of the colon 

and may play a role in excluding bacteria 
from the inner mucus layer. 

cat eye 
syndrome 

chromosom
e region, 

candidate 2 

CECR2 
  

17. Mitochondrial 

dimethylgly
cine 

dehydrogen
ase 

DMGD
H 

NM_013391.
2 

 
 
 
 
 
 
 
 

SUBCELLULAR LOCATION: 
Mitochondrion. 

DISEASE: Defects in DMGDH are the cause 
of DMGDH deficiency (DMGDHD) 

[MIM:605850]. DMGDHD is a disorder 
characterized by fish odor, muscle fatigue 

with increased serum creatine kinase. 
Biochemically it is characterized by an 

increase of N,N- dimethylglycine (DMG) in 
serum and urine. 
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Homo 
sapiens 
NADH 

dehydrogen
ase subunit 
5 (MTND5) 

mRNA, 
RNA 5, 

complete 
cds; 

mitochondri
al gene for 

mitochondri
al product 

MTND5 
 

Homo sapiens NADH dehydrogenase subunit 
5 (MTND5) mRNA, RNA 5, complete cds; 

mitochondrial gene for mitochondrial 
product. 

Pentatricope
ptide repeat 
domain 3 

PTCD3 NM_017952.5 

SUBCELLULAR LOCATION: 
Mitochondrion (Potential). 

SIMILARITY: Belongs to the PTCD3 family. 
Mainly involved in skeltal muscles+ Cardiac 

functions 

Homo 
sapiens 
NADH 

dehydrogen
ase subunit 
5 (MTND5) 

mRNA, 
RNA 5, 

complete 
cds; 

mitochondri
al gene for 

mitochondri
al product. 

MTND5 
(correcte

d) 
 

involved in mitochondrial product 

zinc finger, 
CW type 

with coiled-
coil domain 

2 

MORC4 
NM_001085

354.2 

In human, the four current members of the 
microrchidia (morc) gene family share an N-

terminal ATPase-like ATP-binding region 
and a CW four-cysteine zinc-finger motif. 

The protein encoded by this gene also has a 
nuclear matrix binding domain and a two-

stranded coiled-coil motif near its C-terminus. 
This gene is widely expressed at low levels in 
normal tissues and has elevated expression in 

placenta and testis. 
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solute 
carrier 

family 25, 
member 41 

SLC25A
41 

NM_173637.
3 

SLC25A41 belongs to the SLC25 family of 
mitochondrial carrier proteins 

translocase 
of inner 

mitochondri
al 

membrane 9 

TIMM9 
 

TIMM9 belongs to a family of evolutionarily 
conserved proteins that are organized in 

heterooligomeric complexes in the 
mitochondrial intermembrane space. These 
proteins mediate the import and insertion of 

hydrophobic membrane proteins into the 
mitochondrial inner membrane. 

mitochondri
al ribosomal 
protein L39 
isoform b 

MRPL3
9  

Mammalian mitochondrial ribosomal proteins 
are encoded by nuclear genes and help in 

protein synthesis within the mitochondrion. 

mitochondri
al ribosomal 
protein L28 

MRPL2
8  

SUBCELLULAR LOCATION: 
Mitochondrion.This gene encodes a 39S 

subunit protein, a part of which was originally 
isolated by its ability to recognize tyrosinase 

in an HLA-A24-restricted fashion. 

18. Protein Synthesis 

mitochondri
al ribosomal 
protein L32 
precursor 

MRPL3
2  

Mammalian mitochondrial ribosomal proteins 
are encoded by nuclear genes and help in 

protein synthesis within the mitochondrion. 

peptide 
deformylase 

precursor 
(mitochondr

ial) 

PDF 
NM_022341.
1 

 
FUNCTION: Removes the formyl group from 

the N-terminal Met of newly synthesized 
proteins (By similarity).CATALYTIC 

ACTIVITY: Formyl-L-methionyl peptide + 
H(2)O = formate + methionyl 

peptide.TISSUE SPECIFICITY: Ubiquitous.
SIMILARITY: Belongs to the polypeptide 

deformylase family. 



100 

 

chromosom
e 21 open 
reading 

frame 55 

C21orf5
5  

FUNCTION: May have a role in protein 
folding or as a chaperone. 

TISSUE SPECIFICITY: Expressed in the 
fetal and adult brain, testis, uterus, spleen and 

liver. 
DEVELOPMENTAL STAGE: Not expressed 

in 8 and 10 weeks old fetuses. 

DnaJ 
(Hsp40) 

homolog, 
subfamily 
C, member 

10 

DNAJC
10  

FUNCTION: This endoplasmic reticulum co-
chaperone may play a role in protein folding 

and translocation across the endoplasmic 
reticulum membrane. May act as a co-

chaperone for HSPA5.SUBUNIT: Interacts 
with HSPA5 via its J 

domain.SUBCELLULAR LOCATION: 
Secreted (Potential). Endoplasmic reticulum 

lumen (By similarity). 

lanthionine 
synthetase 

C-like 
protein 1 

LANCL
1  

This gene encodes a loosely associated 
peripheral membrane protein related to the 

LanC family of bacterial membrane-
associated proteins involved in the 

biosynthesis of antimicrobial peptides. This 
protein may play a role as a peptide-

modifying enzyme component in eukaryotic 
cells. Previously considered a member of the 
G-protein-coupled receptor superfamily, this 
protein is now in the LanC family. Multiple 
alternatively spliced variants, encoding the 

same protein, have been identified.  

prefoldin 
subunit 2 

PFDN2 

NM_012394.
3 

 
 
 
 
 
 

This gene encodes a member of the prefoldin 
beta subunit family. The encoded protein is 
one of six subunits of prefoldin, a molecular 
chaperone complex that binds and stabilizes 

newly synthesized polypeptides, thereby 
allowing them to fold correctly. The complex, 

consisting of two alpha and four beta 
subunits, forms a double beta barrel assembly 

with six protruding coiled-coils. 
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tripeptidyl 
peptidase II 

TPP2 

NM_003291.
2 

 
 
 
 

This gene encodes a mammalian peptidase 
that, at neutral pH, removes tripeptides from 

the N terminus of longer peptides. The protein 
has a specialized function that is essential for 

some MHC class I antigen presentation. 

gamma-
glutamyltran
sferase-like 
4 isoform 1 

GGTLA
4 

NM_178311.
2 

 
 
 
 
 
 

Gamma-glutamyltransferase-1 (GGT1; MIM 
612346) is a membrane-bound extracellular 

enzyme that cleaves gamma-glutamyl peptide 
bonds in glutathione and other peptides and 

transfers the gamma-glutamyl moiety to 
acceptors. 

eukaryotic 
translation 
elongation 

factor 1 

EEF1G 

NM_001404.
4 

 
 
 
 
 
 
 

This gene encodes a subunit of the elongation 
factor-1 complex, which is responsible for the 

enzymatic delivery of aminoacyl tRNAs to 
the ribosome. This subunit contains an N-
terminal glutathione transferase domain, 
which may be involved in regulating the 

assembly of multisubunit complexes 
containing this elongation factor and 

aminoacyl-tRNA synthetases. 

ribosomal 
L1 domain 

containing 1 
RSL1D1 

NM_015659.
2 

Belongs to the ribosomal protein L1P family 

beta-tubulin 
cofactor D 

TBCD 
 

FUNCTION: Tubulin-folding protein; 
involved in the first step of the tubulin folding 
pathway. Modulates microtubule dynamics by 
capturing GTP-bound beta-tubulin (TUBB). 

RNA 
(guanine-9-) 
methyltransf

erase 
domain 

RG9MT
D1  

FUNCTION: Functions in mitochondrial 
tRNA maturation. Part of mitochondrial 
ribonuclease P, an enzyme composed of 

MRPP1/RG9MTD1, MRPP2/HSD17B10 and 
MRPP3/KIAA0391, which cleaves tRNA 

molecules in their 5'-ends. 

thrombospo
ndin type I 

domain-
containing 1 

THSD1 
 

The protein encoded by this gene contains a 
type 1 thrombospondin domain, which is 

found in a number of proteins involved in the 
complement pathway, as well as in 

extracellular matrix proteins. 
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serine (or 
cysteine) 
proteinase 
inhibitor, 

clade 

SERPIN
B7 

NM_001040
147.1 

FUNCTION: Might function as an inhibitor 
of Lys-specific proteases. Might influence the 
maturation of megakaryocytes via its action 

as a serpin. 

thyrotropin-
releasing 
hormone 

TRH 

NM_117117.
3 

 
 

 

gonadotropi
n-releasing 
hormone 2 
isoform a 

GNRH2 
NM_001501.

1 

The protein encoded by this gene is a 
preproprotein that is cleaved to form a 

secreted 10 aa peptide hormone. The secreted 
decapeptide regulates reproduction in females 

by stimulating the secretion of both 
luteinizing- and follicle-stimulating 

hormones. 

ribosomal 
protein L18 

RPL18 
NM_000979.

2 

Ribosomes, the organelles that catalyze 
protein synthesis, consist of a small 40S 

subunit and a large 60S subunit. Together 
these subunits are composed of 4 RNA 

species and approximately 80 structurally 
distinct proteins. This gene encodes a 

ribosomal protein that is a component of the 
60S subunit. 

ribosomal 
protein S18 

RPS18 

NM_022551.
2 

 
 
 
 
 
 

Ribosomes, the organelles that catalyze 
protein synthesis, consist of a small 40S 

subunit and a large 60S subunit. Together 
these subunits are composed of 4 RNA 

species and approximately 80 structurally 
distinct proteins. This gene encodes a 

ribosomal protein that is a component of the 
40S subunit. 

ribosomal 
protein P2 

RPLP2 
 

Ribosomes, the organelles that catalyze 
protein synthesis, consist of a small 40S 

subunit and a large 60S subunit. Together 
these subunits are composed of 4 RNA 

species and approximately 80 structurally 
distinct proteins. This gene encodes a 

ribosomal phosphoprotein that is a component 
of the 60S subunit. 
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transglutami
nase 7 

TGM7 
 

FUNCTION: Catalyzes the cross-linking of 
proteins and the conjugation of polyamines to 

proteins. 

19. RNA modification 

DCP1 
decapping 

enzyme 
homolog A 

DCP1A 
 

Decapping is a key step in general and 
regulated mRNA decay. The protein encoded 

by this gene is a decapping enzyme. This 
protein and another decapping enzyme form a 
decapping complex, which interacts with the 
nonsense-mediated decay factor hUpf1 and 

may be recruited to mRNAs containing 
premature termination codons. This protein 
also participates in the TGF-beta signaling 

pathway.  

tudor 
domain 

containing 
10 isoform a 

TDRD1
0  

Contains 1 RRM (RNA recognition motif) 
domain. 

nuclease 
sensitive 
element 
binding 

protein 1 

YBX1 
NM_004559.

3 

FUNCTION: Binds to splice sites in pre-
mRNA and regulates splice site selection. 
Binds and stabilizes cytoplasmic mRNA. 

Contributes to the regulation of translation by 
modulating the interaction between the 

mRNA and eukaryotic initiation factors (By 
similarity). Binds to promoters that contain a 
Y-box (5'- CTGATTGGCCAA-3'), such as 

HLA class II genes. Regulates the 
transcription of numerous genes. Promotes 

separation of DNA strands that contain 
mismatches or are modified by cisplatin. Has 

endonucleolytic activity and can introduce 
nicks or breaks into double-stranded DNA (in 

vitro). May play a role in DNA repair. 
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heterogeneo
us nuclear 

ribonucleopr
otein R 

HNRPR 
NM_001102

397.1 

This gene belongs to the subfamily of 
ubiquitously expressed heterogeneous nuclear 

ribonucleoproteins (hnRNPs). The hnRNPs 
are RNA binding proteins and they complex 
with heterogeneous nuclear RNA (hnRNA). 

These proteins are associated with pre-
mRNAs in the nucleus and appear to 

influence pre-mRNA processing and other 
aspects of mRNA metabolism and transport. 

RNA, U3 
small 

nucleolar 
interacting 
protein 2 

RRP9 
NM_004704.

3  

20. Transport 

ADP-
ribosylation 

factor 1 
ARF1 

NM_001024
226.1 

ADP-ribosylation factor 1 (ARF1) is a 
member of the human ARF gene family.  The 

family members encode small guanine 
nucleotide-binding proteins that stimulate the 

ADP-ribosyltransferase activity of cholera 
toxin and play a role in vesicular trafficking 
as activators of phospholipase D. The gene 
products, including 6 ARF proteins and 11 

ARF-like proteins, constitute a family of the 
RAS superfamily. 

solute 
carrier 
organic 
anion 

transporter 
family, 

SLCO3
A1 

NM_001145
044.1 

FUNCTION: Mediates the Na(+)-
independent transport of organic anions such 

as estrone-3-sulfate (PubMed:10873595). 
Mediates transport of prostaglandins (PG) E1 
and E2, thyroxine (T4), deltorphin II, BQ-123 
and vasopressin, but not DPDPE (a derivative 
of enkephalin lacking an N-terminal tyrosine 

residue), estrone-3- sulfate, taurocholate, 
digoxin nor DHEAS. 

kinesin light 
chain 1 

isoform 3 
KNS2 

 

Conventional kinesin is a tetrameric molecule 
composed of two heavy chains and two light 
chains, and transports various cargos along 
microtubules toward their plus ends. The 
heavy chains provide the motor activity, 

while the light chains bind to various cargos. 

transmembr
ane protein 

100 

TMEM1
00 

NM_001099
640.1 

Membrane; Multi-pass membrane protein 
(Potential). 
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copine I 
isoform a 

CPNE1 

NM_003915.
4 

 
 
 
 
 

Calcium-dependent membrane-binding 
proteins may regulate molecular events at the 

interface of the cell membrane and 
cytoplasm.This protein has a broad tissue 

distribution and it may function in membrane 
trafficking. 

solute 
carrier 

family 22 
member 5 

SLC22A
5  

Polyspecific organic cation transporters in the 
liver, kidney, intestine, and other organs are 
critical for elimination of many endogenous 
small organic cations as well as a wide array 

of drugs and environmental toxins. The 
encoded protein is a plasma integral 

membrane protein which functions both as an 
organic cation transporter and as a sodium-

dependent high affinity carnitine transporter. 

RAB11 
family 

interacting 
protein 1 
isoform 3 

RAB11
FIP1  

FUNCTION: A Rab11 effector protein 
involved in the endosomal recycling process. 

Also involved in controlling membrane 
trafficking along the phagocytic pathway and 

in phagocytosis. 

sodium 
channel, 

nonvoltage-
gated 1, 

delta 

SCNN1
D   

transient 
receptor 
potential 

cation 
channel, 

TRPM1 
 

FUNCTION: Calcium channel which may 
play a role in metastasis suppression (By 

similarity). May act as a spontaneously active, 
calcium-permeable plasma membrane 

channel. Mediates cation influx in HEK293 
cells. 

solute 
carrier 

family 35, 
member F2 

SLC35F
2 

NM_017515.
4 

 
 

FUNCTION: Putative solute transporter 
(Potential). 

SUBCELLULAR LOCATION: Membrane; 
Multi-pass membrane protein (Potential). 
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SEC24-
related 

protein C 
SEC24C 

 

The protein encoded by this gene is a member 
of the SEC24 subfamily of the SEC23/SEC24 

family, which is involved in vesicle 
trafficking. The encoded protein has 

similarity to yeast Sec24p component of 
COPII. COPII is the coat protein complex 

responsible for vesicle budding from the ER. 
The product of this gene may play a role in 

shaping the vesicle, as well as in cargo 
selection and concentration. 

solute 
carrier 

family 4, 
sodium 

bicarbonate 

SLC4A4 
 

This gene encodes a sodium bicarbonate 
cotransporter (NBC) involved in the 

regulation of bicarbonate secretion and 
absorption and intracellular pH. Mutations in 
this gene are associated with proximal renal 
tubular acidosis. Multiple transcript variants 
encoding different isoforms have been found 

for this gene.  

hypothetical 
protein 

LOC55668 
isoform 1 

C14orf1
18  

Un known 

forty-two-
three 

domain 
containing 1 

isoform 1 

FYTTD
1 

NM_001011
537.2 

Heart expression 

transmembr
ane and 

tetratricopep
tide repeat 

TMTC2 

NM_152588.
1 

 
 
 

 

karyopherin 
beta 1 

KPNB1 
NM_002265.

4 

Nucleocytoplasmic transport, a signal- and 
energy-dependent process, takes place 

through nuclear pore complexes embedded in 
the nuclear envelope. The import of proteins 

containing a nuclear localization signal (NLS) 
requires the NLS import receptor, a 

heterodimer of importin alpha and beta 
subunits also known as karyopherins. 

ATP-
binding 
cassette, 

sub-family 
C 

ABCC2 
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The pie chart shows that the total number of genes that were considered for expression 

analysis was divided into 20 different clusters depending upon the type of biological 

function in which they were involved. The number of genes that were found to be 

involved in apoptosis is four and is shown in pie chart. The genes that contribute towards 

Cytokines are two in number. The genes involved in inflammatory response are 9 in 

number. The genes regulating for olfactory functions are 4 in number & shown in pie 

chart as well. The genes in pro-inflammatory response are found to be 05 in number. The 

genes in sense receptors are found to be 04, also shown in pie chart. 25 genes were found 

to be involved in transcriptional regulation. The genes involved in cell cycle are 8 in 

number. 10 genes are found to be involved in DNA repair or remodeling functions. 38 

genes were found to be involved in Metabolism. The genes involved in oncogenesis are 

12 in number. The genes related to reproductive functions are 5. Transcription related 

genes are 11 in number. 26 genes are uncharacterized till date now. Cell signaling related  

genes are 57. 12 genes are related to immune response. 9 genes are involved in 

mitochondrial functions. The genes involved in Protein synthesis are 23 in number. 5 

genes are involved in RNA modification. The number of genes involved in transport is 

20. The fractions in pie chart show the respective number of genes involved in respective 

functions. 

After the data analysis by using above mentioned software, the expression of different 

genes whether up-regulated or down regulated at different stages of fibrosis (F1, F2, F3, 

and F4) was noticed. Detail of each cluster and genes involved in different 

mechanisms/regulation of different pathways are given below against each cluster. 
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Table 4.6 Differential expression of Cytokines related genes 

GENE NAME GENE I.D ACCESSION # 
SAMPLES 

F1 F2 F3 F4

glutamate receptor, ionotropic, N-methyl GRINL1A NM_001018102.1 (+++) (-) (-) (-)

histone cluster 2, H2ac HIST2H2AC NM_003517.2 (+++) (-) (-) (-)

multiple PDZ domain protein MPDZ NM_003829.3 (+++) (-) (-) (-)

ribosomal L1 domain containing 1 RSL1D1 NM_015659.2 (+++) (-) (-) (-)

solute carrier organic anion transporter family, SLCO3A1 NM_001145044.1 (+++) (-) (-) (-)

sphingomyelin phosphodiesterase 2, neutral SMPD2 NM_003080.2 (+++) (-) (-) (-)

Ubiquitin D UBD NM_006398.3 (++) (-) (-) (-)

 

 

4.11.3. Differential expression of Inflammatory response genes: 

These genes constantly show no expression from stage 1 till the end of stage 2 of the 

fibrosis. The expression increases with the beginning of 3rd stage, becomes low in the 

middle and again increases till the end of stage 3. In the 4th stage of fibrosis, there is no 

gene expression. 



 

FFig. 4.12 Diffferential exppression of Inflammatoory responsse genes 
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Table 4.7 Differential expression of Inflammatory response genes 

GENE NAME GENE I.D ACCESSION # 
SAMPLES 

F1 F2 F3 F4 

nephrocystin 3 ACAD11 NM_032169.4 (-) (+) (+) (-) 

alpha-1-
microglobulin/bikunin 

precursor 
AMBP NM_001633.3 (-) (+) (+) (-) 

Belongs to the 
aspartyl/asparaginyl 

beta-hydroxylase 
family. 

ASPHD1 NM_181718.3 (+) (+) (++) (-) 

BCMO1 NM_017429.2 (-) (+) (++) (-) 

cholinergic receptor, 
nicotinic, alpha 7 

CHRNA7 NM_000746.4 (-) (+) (++) (-) 

eomesodermin EOMES NM_005442.2 (-) (+) (++) (-) 

Fas (TNFRSF6) 
binding factor 1 

FBF1 NM_001080542.1 (-) (+) (++) (-) 

Ras-GTPase 
activating protein 

SH3 domain-binding 
G3BP2 NM_012297.4 (-) (+) (++) (-) 

hairy and enhancer of 
split 3 

HES3 NM_001024598.3 (-) (+) (++) (-) 

heterogeneous nuclear 
ribonucleoprotein R 

HNRPR NM_001102397.1 (-) (+) (++) (-) 

mitochondrial 
ribosomal protein L32 

precursor 
MRPL32 NM_031903.2 (-) (+) (++) (-) 

mitochondrial 
ribosomal protein L39 

isoform b 
MRPL39 NM_017446.3 (-) (+) (++) (-) 

phosphatidylinositol 
glycan anchor 
biosynthesis, 

PIGS NM_033198.3 (-) (+) (++) (-) 

non-specific 
serine/threonine 
protein kinase 

PIM1 NM_002648.3 (+) (+) (++) (-) 

pleckstrin homology 
domain containing, 

family H 
PLEKHH2 NM_172069.3 (-) (+) (++) (-) 

PRKAG2 NG_007486.1 (-) (+) (++) (-) 
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UV excision repair 
protein RAD23 

homolog B 
RAD23B NM_002874.3 (+) (+) (++) (-) 

SCNDD1D (+) (+) (++) (-) 

smoothened precursor SMO NM_005631.4 (+) (+) (++) (-) 

synaptotagmin XI SYT11 NM_152280.4 (+) (+) (++) (-) 

nuclease sensitive 
element binding 

protein 1 
YBX1 NM_004559.3 (-) (+) (+++) (-) 

zinc finger protein 
106 homolog 

ZFP106 NM_0022473.1 (+) (+) (+++) (-) 

zinc finger protein 
189 isoform 1 

ZNF189 NM_003452.2 (+) (+) (+++) (-) 

zinc finger protein 
470 

ZNF470 NM_001001668.3 (+) (+) (+++) (-) 

homeobox D9 HOXD9 NM_014213.3 (-) (+) (++) (-) 

Myb-like, SWIRM 
and MPN domains 1 

MYSM1 NM_001085487.1 (-) (+) (++) (-) 

RAB39B, member 
RAS oncogene family 

RAB39B NM_171998.2 (-) (+) (++) (-) 

solute carrier family 
25, member 41 

SLC25A41 NM_173637.3 (-) (+) (++) (-) 

heat shock protein 
family B (small), 

member 11 
C1orf41 NM_016126.2 (-) (+) (++) (-) 

RASF5 (-) (+) (++) (-) 

 

4.11.4. Differential expression of Olfactory functions related genes: 

The gene expression is highest in F1 stage. These genes are down-regulated in F2 that 

goes further down in F3 and no expression in F4 stage.  
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Fig. 4.15 Differential expression of Sense Receptor related genes 

Table 4.10 Differential expression of Sense Receptor related genes 

GENE NAME GENE I.D ACCESSION # 
SAMPLES 

F1 F2 F3 F4 
high-mobility 
group box 3 

HMGB3 NM_005342.2 (-) (-) (++) (-) 

hypothetical 
protein 

LOC84226 
C2orf16 NM_032266.3 (++) (+) (+++) (-) 

 
C9orf126 

NM_001144877.
2 

(-) (+) (+++) (-) 

dimethylglycin
e 

dehydrogenase 
DMGDH NM_013391.2 (+) (+) (++) (-) 

guanylate 
kinase 1 

GUK1 NM_000858.5 (+) (+) (+) (-) 

 
HIST1H2B

I 
NM_003525 (+) (+) (++) (-) 

hydrogen 
voltage-gated 

channel 1 
HVCN1 

NM_001040107.
1 

(-) (+) (++) (-) 

leucine rich 
repeat 

containing 37B 
LRRC37B NM_052888.2 (+) (+) (++) (-) 

membrane 
protein, 

palmitoylated 4 
MPP4 NM_033066.2 (+) (+) (++) (-) 

oligodendrocyt
e transcription 

factor 1 
OLIG1 NM_138983.2 (-) (+) (++) (-) 

SMYD family 
member 5 

SMYD5 NM_006062.2 (+) (+) (+++) (-) 

ADP-
ribosylation 

factor GTPase 
activating 

ZNF289 NM_032389.3 (-) (+) (++) (-) 

zinc finger 
protein 441 

ZNF441 NM_152355 (-) (+) (++) (-) 
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leukemia 
factor 

ELMO/CED-
12 domain 

containing 2 
LMOD2 NM_207163.1 (-) (-) (++) (-) 

zinc finger, 
CW type with 

coiled-coil 
domain 2 

MORC4 
NM_001085354.

2 
(-) (-) (++) (-) 

mucin 2 
precursor 

MUC2 NM_002457.2 (-) (-) (++) (-) 

NADH-
ubiquinone 

oxidoreductas
e Fe-S protein 

7 

NDUFS7 NM_02447.4 (-) (-) (+) (-) 

PAP 
associated 

domain 
containing 5 

isoform a 

PAPD5 
NM_001040284.

2 
(+) (-) (++) (-) 

ribosomal 
protein L18 

RPL18 NM_000979.2 (+) (-) (++) (-) 

signal 
recognition 

particle 
receptor, beta 

SRPRB NM_021203.3 (-) (-) (+) (-) 

tripartite 
motif-

containing 39 
isoform 2 

TRIM39 NM_021253.3 (-) (-) (+) (-) 

muscle 
specific ring 
finger protein 

1 

TRIM63 NM_032588.2 (-) (-) (+) (-) 

 

4.11.10. Differential expression of Metabolism related genes: 

In stage F1 half of the genes related to metabolism are up-regulated and half are down-

regulated. The expression of all of them increase in stage F2. As the fibrosis progresses 

these genes are down-regulated. In F4 stage the expression is low again. 
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BET3 like BET3L 
NM_001139444.

2 
(-) (-) (-) (-) 

leucine rich 
repeat and Ig 

domain 
containing 4 

LRRN6D 
NM_001004432.

2 
(-) (-) (+) (-) 

METRN NM_024042.2 (+) (-) (+) (-) 
MIA NM_006533.2 (+) (-) (-) (-) 
MPL NM_005373.2 (-) (-) (+) (-) 

solute carrier 
family 25 

(mitochondrial 
carrier; 

SLC25A1
0 

NM_012140.3 (-) (-) (-) (-) 

ubiquitin-
activating 

enzyme E1 
UBE1 NM_003334.3 (-) (-) (+) (-) 

G protein-
coupled 

receptor 126 
beta 1 

precursor 

GPR126 
NM_001032394.

2 
(+) (-) (+) (-) 

tripeptidyl 
peptidase II 

TPP2 NM_003291.2 (+) (-) (+) (-) 

 

4.11.13. Differential expression of Transcription related genes: 

It was found that the genes in this group are highly expressed in stage 1 of the fibrosis, 

thus mostly the genes are up regulated. However with the progression of fibrosis the 

genes are down regulated and the expression level decreases during stage 2 and the genes 

are down regulated in the stage 3. The expression decreases in F4 stage. 
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chromosome 
10 open 

reading frame 
46 

C10orf46 BC034318 (+) (+) (++) (-) 

C3orf18 NM_001171740.2 (-) (-) (-) (-) 
CD47 Q08722 (++) (-) (-) (-) 

cyclin-
dependent 
kinase 4 

CDK4 AY044638 (++) (-) (-) (-) 

CysLT2 NM_020377 (++) (-) (-) (-) 
DEP domain 
containing 7 
(novel 58.3 

KDA protein 
isoform 1) 

DEPDC7 
NM_001077242.

1 
(++) (+) (-) (-) 

discs, large 
homolog 1 

(Drosophila) 
DLG1 

NM_001098424.
1 

(++) (+) (-) (-) 

enhancer of 
rudimentary 

homolog 
ERH NM_004450.2 (-) (+) (+) (-) 

endogenous 
retroviral 

sequence K, 6 
ERVK6 

NM_001007236.
1 

(-) (+) (+) (-) 

fibulin 5 
precursor 

FBLN5 NM_006329.3 (+) (+) (++) (-) 

fibronectin 
type III 
domain 

containing 5 

FNDC5 
NM_001171940.

1 
(-) (+) (+) (-) 

 
FOXD4AL

3  
(-) (+) (+) (-) 

follicle 
stimulating 
hormone 
receptor 
isoform 

FSHR NM_000145.3 (-) (+) (+) (-) 

Ras-GTPase 
activating 

protein SH3 
domain-
binding 

G3BP2 NM_012297.4 (-) (+) (+) (-) 

guanine 
nucleotide 

binding 
protein (G 

GNGT1 NM_021955.3 (++) (+) (-) (-) 
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protein), 
MORC family 
CW-type zinc 

finger 3 
MORC3 NM_015358.2 (+) (-) (-) (-) 

Ras and Rab 
interactor 2 

RIN2 NM_018993.2 (-) (+) (+) (-) 

guanylate 
kinase 1 

GUK1 NM_000858.5 (+) (+) (-) (-) 

 
PRKAG2 

NM_001040633.
1 

(-) (+) (++) (-) 

leucine rich 
repeat 

containing 
37B 

LRRC37B NM_052888.2 (+) (+) (+) (-) 

ring finger 
protein 175 

RNF175 NM_173662.2 (+) (+) (-) (-) 

DMO (+) (+) (-) (-) 
signal 

peptidase 
complex 
subunit 1 
homolog 

SPCS1 NM_014041.3 (+) (-) (-) (-) 

vav 2 guanine 
nucleotide 
exchange 

factor isoform 

VAV2 
NM_001134398.

1 
(++) (+) (-) (-) 

ventricular 
zone 

expressed PH 
domain 

homolog 1 

VEPH1 
NM_001167911.

1 
(-) (+) (+) (-) 

WD repeat 
domain 86 

WDR86 NM_198285.2 (+) (+) (++) (-) 

G protein-
coupled 

receptor 126 
beta 1 

precursor 

GPR126 
NM_001032394.

2 
(+) (-) (+) (-) 
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G patch 
domain 

containing 2 
GPATCH2 NM_018040.2 (+) (-) (+) (-) 

 
KIAA1411 

NM_001105531.
2 

(+) (-) (++) (-) 

protocadherin 
alpha 

subfamily C, 
2 isoform 1 

PCDHA8 NM_018911.2 (-) (-) (++) (-) 

serine (or 
cysteine) 
proteinase 
inhibitor, 

clade 

SERPINB7 
NM_001040147.

1 
(-) (+) (++) (-) 

parathyroid 
hormone 2 

preproprotein 

TIP39_Huma
n 

NM_178449.3 (-) (-) (++) (-) 

thyrotropin-
releasing 
hormone 

TRH NM_117117.3 (+) (-) (++) (-) 

ventral 
anterior 

homeobox 1 
isoform a 

VAX1 
NM_001112704.

1 
(-) (-) (+) (-) 

 

4.11.20. Differential expression of Transport related genes in different stages of 

fibrosis: 

The genes are regulated at high levels during the stage 1 of fibrosis, and then the genes 

are down regulated in the stage 2 of fibrosis, which are once again up regulated except a 

few like DIAPH2, FAM89A, FOXD4L3 and KRT6 D. The genes expression is high in 

F3 but becomes down during the stage 4 of the fibrosis except KPNB1. JARID1A and 

TMEM100 are down-regulated thus showing a decrease in expression. 
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diaphanous 2 
isoform 156 

DIAPH2 NM_006729.4 (+) (-) (-) (-) 

family with 
sequence 

similarity 89, 
member A 

FAM89A NM_198552.2 (+) (-) (-) (-) 

forkhead 
boxD4-like 3 

FOXD4L3 NM_199135.4 (-) (-) (+) (-) 

keratin 6A KRT6D L42610 (+) (-) (-) (-) 
hypothetical 

protein 
LOC44033

8  
(+) (-) (+) (-) 

hypothetical 
protein 

LOC645090 

LOC64501
8 

XM_938104.1 (+) (-) (-) (-) 

signal 
peptidase 
complex 
subunit 1 
homolog 

SPCS1 NM_014041.3 (+) (-) (-) (-) 

 

4.12. Real-Time PCR analysis for selected genes 

4.12.1. Validation of Microarray Data using real-time PCR:  

We randomly selected “7” genes to confirm the expression pattern of microarray. 

3 genes were selected on the basis of literature and 4 from our data. Gene (RAB11FIP4) 

was significantly over expressed in patients at F3 and F4 as compared to F1 and F2, 

while other genes (VIP, IFI27, OAS2, WWOX, PGEA1 and RSAD2) were down 

regulated in patients with F3 and F4 stages as compared to F1 and F2. On the basis of 
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and apoptosis. 

VIP NM_003381.2 
vasoactive intestinal 
peptide isoform 1 

VIP causes vasodilation, 
lowers arterial blood 
pressure, stimulates 
myocardial contractility, 
increases glycogenolysis 
and relaxes the smooth 
muscle of trachea, stomach 
and gall bladder. 

IFI27 NM_001130080.1
interferon, alpha-
inducible protein 27 
isoform 

Heart & lung expression 

 

4.13. Validation Studies: 

The genes which were significantly up regulated/ down regulated in microarray data were 

further confirmed by quantitative real time PCR to eliminate any false positive result. 

cDNA was synthesized by RNA and GAPDH gene was used as the reference gene to 

normalize the expression levels. These results were similar to microarray results. Fold 

induction and reduction of different genes was almost the same as in microarray results. 

4.14. Down Regulation of Cellular Genes in HCV Patients with Advanced Stages of 

Fibrosis: 

Comparative expression analysis of selective genes on the basis of microarray data was 

done through Real Time-PCR. Expression analysis of WWOX, RSAD2, PGEA1, IFI-27, 

OAS2 and VIP was confirmed by Real time-PCR in HCV patients at different stages of 

fibrosis. Expressions shows these genes were down regulated at stages F3 and F4 as 

compared to F1 and F2. Patients of each stage were divided into three groups. Each group 

has shown the same pattern of declining of gene expression as similar to that in 

microarray results. 
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were divided into three groups. Each group has shown the same pattern of increase of 

gene expression similar to that in microarray results 

5. DISCUSSION 

The severity of liver disease is directly linked to the burden of HCV RNA viral 

load in the liver (Rubbia-Brandit et al. 2000; Hezode et al. 2004). Majority of HCV 

infected individuals are unable to clear the virus during the acute phase and become 

chronically infected. In patients with clinical/biological signs of chronic liver disease, 

chronic hepatitis C is certain when both anti HCV antibodies and HCV RNA (sought 

with a sensitive technique detecting 50 IU/ml or less) are present (Pawlotsky et al. 1998).  

Liver fibrosis in chronic HCV infection progresses in a stepwise manner from 

hepatitis to cirrhosis (10, 11). In this study we conducted gene expression profiling of 

various stages (F1, F2, F3 and F4) of HCV fibrosis in patients suffering from hepatitis C. 

Through this profiling we identified four novel genes that are potentially associated with 

fibrosis progression. The genes that we selected for further analysis are consistent with 

the stepwise progression of HCV-related chronic liver disease and may represent bio-

marker and/or therapeutic target for HCV associated liver disease. 

In this study, we observed genes expressed differentially between livers without 

HCV and HCV-infected livers.The molecular mechanisms of acute hepatitis C virus 

(HCV) infection, end-stage hepatitis (cirrhosis), and hepatocellular carcinoma have been 

extensively studied, but little is known of the changes in liver gene expression during the 

early stages of liver fibrosis associated with chronic HCV infection, that is, the transition 

from normal liver of uninfected patients to the first stage to last stage of liver fibrosis.To 

obtain insight into the molecular pathogenesis and to analyze the gene expression 
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alteration to find novel biomarkers, we performed microarray analysis to study the gene 

expression of all genes at a time . We selected genes on the bases of Microarray results 

then we confirmed by real-time quantitative PCR by studying the mRNA expression of 7 

selected genes in liver tissue in comparison to normal tissue. 

Hepatic fibrosis and hepatic cirrhosis are consequences of chronic Hepatitis C. 

Fibrosis and its extension in hepatic tissue is the most common evidence of cirrhosis. 

Several markers are available to predict cirrhosis but no method or score has been 

available on exclusive basis to diagnose earlier fibrosis stages. In our study we have used 

METAVIR scores system to evaluate fibrosis stages in 103 chronic hepatitis C patients 

and correlated several possible biochemical markers within different fibrosis stages.  

Our results revealed that the level of serum AST was significantly low in F0 fibrosis 

stage (p = 0.035) as compared to F1 fibrosis stage. While there was no significant 

difference found between AST levels in advanced fibrosis stages. The increased AST 

level had been attributed to mitochondrial injury associated with HCV infection and 

progression of liver fibrosis (12). There was no correlation found between ALT levels in 

all fibrosis stages. A non-invasive diagnostic test AST/ALT ratio is used to guess 

cirrhosis but according to Reedy et al (1998) this test can not predict significant fibrosis 

in patients with chronic hepatitis C (13, 14). 

Our data showed gradual increase in serum ALP and bilirubin levels (Table 3)in 

advanced fibrosis stages as compared to early infection (F3>F2>F1>F0). An increased 

ALP is usually associated with liver metastasis, extraheptic bile obstruction, intraheptic 

cholestasis, infiltrative liver disease and hepatitis (15). A change in ALP levels of greater 

than 120 U/L can be indicative of advanced disease progression (16). According to Lee et 
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al (17) elevated serum ALP levels was common in liver abscess patients (15). High 

bilirubin levels are associated with liver metastases and liver tumor involvement leading 

to hepatocellular carcinoma and liver cirrhosis by active or non-active HCV or HBV (18). 

Our results showed a significant increase in bilirubin levels during fibrosis progression. 

No significant literature is available on role of elevated ALP and bilirubin levels in liver 

fibrosis stages.   

Most studies propose a linear relationship between serum HCV RNA levels and liver 

injury and vice versa (7, 19). This could be due to involvement of different factors like 

different clinico-histopathological evaluation procedures. Unfortunately, all the data 

reported from these studies are contradictory and do not allow ultimate conclusion to be 

drawn (20, 21). In our study we find a significant correlation between serum HCV RNA 

levels and fibrosis stages as shown in figure 1. Serum HCV RNA level is higher in F1 

and F2 stages as compared to early fibrosis stage F0. This rise in serum HCV RNA level 

is in accordance to the results of De Moliner et al. (22) that there is linear relationship 

between serum HCV RNA levels and amount of virus in liver. But there was a decline in 

serum HCV RNA level in severe fibrosis stage F3. An interesting finding was that the 

serum HCV RNA level in severe fibrosis stage (F3) was too low than the initial (F0) 

fibrosis stage. Our one cirrhotic sample also showed a low level of serum HCV RNA 

level as compared to prior fibrosis stages. The overall correlation between serum level 

and fibrosis stages can be drawn as F0 (Initial) <F1 (mild) <F2 (moderate) >F3 

(severe)>F4 (cirrhosis). The decline in serum HCV RNA levels in advanced cirrhotic 

stages (F3 and F4) could be due to high degree of fibrosis and low number of hepatocytes 

that tend to reduce liver mass. 
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This study concluded that there is a strong positive association between the serum 

ALP and bilirubin levels with progressive liver injury. We also find a positive correlation 

between serum HCV RNA level and fibrosis stages F0, F1 and F2. A negative association 

was drawn between advanced fibrosis stages (F3 and F4) and serum HCV RNA level. 

However, future potential studies to confirm these results are required 

Our study relates the progression of the fibrosis, its various stages & the stepwise 

manner of progression of Liver fibrosis from Hepatitis to cirrhosis. In this study we 

analyzed the sequential alterations in hepatic gene expression relative to the progression 

of liver disease in patients with HCV chronic infection. The total number of patients that 

were selected in this study was 103. The age range of the group of patients that was 

selected was b/w 18-65 years old.Through these analyses we identified the genes that are 

potentially associated with fibrosis progression & hepatocarcinogenesis. For further 

analysis we selected the genes that are consistent with the stepwise progression of HCV 

related chronic liver disease & may represent as biomarkers or therapeutic targets for 

HCV related liver disease. 

      In this study, we used disease status-based comparisons to identify genes that 

discriminated in the clinically important stages of disease such as liver fibrosis. In the 

comparisons of cases with and without HCV infection, genes that were associated with 

inflammation and immune responses were identified, reflecting the direct consequences 

of active hepatitis caused by chronic HCV infection. The comparison was done through 

Microarray analysis. Much Cirrhosis-associated sequelae are related to impaired protein 

synthesis in the liver; and resultantly impaired expression of various genes in liver. In our 

analysis the changes in these stages are parallel to the gene expression profiles thus 
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showing clear association of these genes with the cirrhosis. The various number of 

different parameters that are being associated with  various fibrotic stages have also been 

listed in Table 2 & table 3, where by the univariate analysis of progression of fibrosis in 

different stages & the dependent variables has also been shown thus relating the 

significance of age, viral load, Hb, Bilirubin & ALP as significantly dependent variables.   

As the results of fine-needle biopsy-based diagnoses of fibrosis are often 

ambivalent, we separated the patients into two groups, F1-2 and F3-4, in order to select 

genes that were associated with the progression of liver fibrosis. However, it was difficult 

to identify small differences between these two groups owing to inadequate 

discrimination of cell types as a result of the variability of the cell populations in the 

biopsy samples.  

Our analysis showed that the expression profiles that are studied for these genes 

by microarray analysis clearly show the involvement of some novel genes in addition to 

previously reported genes. Our basic interest was to analyze the involvement of our 

predicted novel genes in parallel to the already reported genes with the progression of 

fibrosis. Three genes OAS2, VIP & IFI27 are run parallel to our four focused genes i.e. 

WWOX, RSAD2, PGEA1, RAB11FIP4. The results showed that these 4 novel genes are 

equally associated with the fibrotic progression of HCV towards cirrhosis. Furthermore 

the expression analysis also confirmed that how these genes vary in their expression 

profile with the different stages of the fibrosis. The advantage of our study was that our 

study basically was based on the expression profiles through microarray analysis & the 

size of the microarray used was sufficient for genome-wide screening specifically in 

Pakistani population. 
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In summary we have identified some novel genes that may be associated with the 

fibrosis progression in patients with chronic HCV. We hope that this information would 

be helpful in future for further work to detect increased carcinogenic potential in the 

livers of patients with HCV infection. After microarray data analysis we found seven 

genes which have shown down-regulating or up-regulating pattern with Fibrosis 

progression in patients.  

As our both Microarray results and real time results show that expression of 

WWOX gene is decreasing from F1 to F4 stages of Fibrosis. WWOX (WW domain-

containing oxidoreductase isoform 1) is an important gene which is oxidureductase acts 

as a tumor suppressor gene involved in apoptosis. It has been reported that it has anti-

firogenic effect with detachment of fibronectin and integrin in overian cancer (Charlie 

Gourley et.al, 2009), so loss of this gene is involved in Fibrosis progression. Our finding 

that expression of WWOX is very low in advanced stages of fibrosis opens a new horizon 

that it may be important in liver fibrosis in HCV patients. WWOX expression is very low 

at advanced stages of Fibrosis especially at F3 and F4 and it gradually goes down from 

F1 to F4 so it can be used as novel Biomarkers for progression of Fibrosis. 

Another important gene whose expression was decreased in HCV chronic patients 

at stages F3 and F4 was RSAD2 radical S-adenosyl methionine domain which is 

Involved in antiviral defense. It impairs virus budding by disrupting lipid rafts at the 

plasma membrane, a feature which is essential for the budding process of many viruses. 

Our finding correlates with the previous one that antiviral defense goes down with 

decreased expression of RSAD2 in chronic HCV patients. In our Microarray results its 

expression goes down with advancement of fibrosis stages especially at F3 anF4. Same 
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results were found by real-time PCR by using specific primers which validates our novel 

finding and it also supports that due to loss of this gene, not only antiviral defense goes 

down but its expression goes down in last stages of fibrosis. 

 This study indicates that progression of HCV liver damage can be correlated with 

the amount of viremia, ALP and bilirubin levels in patient’s serum. High serum HCV 

RNA level reflected the early fibrosis stage and the viremia level decreased at the later 

stages. 
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APPENDICES 

APPENDIX-I 

Anthrone reagent composition 

Anthron salt         0.4 g 

Conc.H2SO4         200 ml 

Dist. H2O         60 ml 

 Ethanol (95%)       15 ml 

APPENDIX-II 

Acid ninhydrin solution: 

Ninhydrin        1.25 g 

Glacial acetic acid       30 ml 

H3PO4 (6M)       20 ml 

APPENDIX-III 

 RNA extraction buffer  

Hexadecyltrimethylammonium bromide (CTAB)   2%   
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Polyvinylpyrrolidone (PVP)      2% 

Tris HCl  (pH8)      100 mM 

EDTA        25mM 

Spermidine .       5g/L 

Mercaptoethanol      2% 

NaCl        2M 

APPENDIX IV 

SSTE buffer 

NaCl        1M 

SDS        0.5% 

Tris HCl (pH: 8)      10mM 

EDTA (pH: 8)      1mM 

APPENDIX V 

TAE buffer (50X) 

Tris base        242g 

Glacial acetic acid       57.1ml 

O.5M EDTA (pH: 8)       100ml 

APPENDIX VI 

S.O.C Medium 
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SOC Medium (100ml) 

2M Mg++        2ml 

2M Glucos       2ml 

SOB Medium       96ml 

 

 

2M Mg++ STOCK (100ml) 

MgCl2.6H2O      20.33g 

MgSO4.7H2O      24.65g  

 

APPENDIX VII 

T.E. Buffer 

10mM Tris-HCl 

1.0mM EDTA 
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