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The last few years have witnessed remarkable advances in the field of proteomics. Protein signatures in liver tissue samples may be useful tools in the development of diagnostics.  Many of the proteins in plasma are synthesized in the liver; the abundance and structures of many of these proteins change in response to liver diseases, as well as in response to inflammation and disease processes in other organs.  Characterization of the liver proteome has become an essential step toward improvements in care for patients with liver diseases.  The number of liver proteins is very large and characterization of these proteins is complicated both by post-translational modifications and by splicing variants of the gene products.  Other key challenges include localization of proteins in the cell and protein-protein interactions.  
Overview of proteomics technologies (Reviews 1-10)

Proteomics combines high-resolution separation techniques applied to complex protein mixtures with identification methods such as mass spectrometry (MS). For a number of years, two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) followed by protein identification using mass spectrometry has been the primary technique for proteomic-based biomarker discovery. Proteins are first separated according to their isoelectric point (pI), and are then submitted to a second separation in regard to their mass. 2D-PAGE is still the method of choice for high resolution protein separation and provides the best method to monitor protein modifications. Newer technologies such as the multidimensional protein identification technology are based on gel-free separation. This technique combines enzymatic digestion of complex protein mixtures, separation of the generated peptides by liquid chromatography and mass spectrometry analysis. Another approach is based on the identification of proteome patterns that could be used as disease signatures. This technique known has the surface-enhanced laser desorption ionization (SELDI) requires relatively small amounts of material. The SELDI technology is based on the selective retention of proteins on modified array surfaces. Once unbound proteins are discarded, the proteins retained on the array are analyzed by mass spectrometry, generating a specific pattern or profile of the analyzed proteome. Finally, protein arrays have the potential to revolutionize proteomic studies as did DNA microarrays in genomic studies. Protein biochips are emerging in different formats. The first involves high-density immobilized arrays of recognition molecules such as antibodies. Another protein microarray format is referred to as the reverse phase protein microarray. In this setting, complex protein mixtures are arrayed and probed with a specific antibody. This technique allows to semi-quantitate the expression of a protein among patients or during the course of a disease. Capture on the array of proteins issued from either cDNA expression libraries, phage display libraries or protein fractionation, may also allow detection of autoantibodies in human serum, as well as interactions between proteins, between proteins and enzymes and between proteins and drugs. Finally, in contrast to conventional proteomic strategies, which aim to catalogue the entire complement of protein products in a given sample, a chemical proteomic strategy referred to as activity-based protein profiling has emerged that utilizes active site-directed probes to profile the functional state of enzyme families directly in complex proteomes.  

None of the methodologies described above gives a full account of the protein composition expression in tissues, cells or biological fluids on its own and the strengths and limitations of these technologies will be presented. The biggest hurdle to overcome in the discovery phase is the detection limit of the analytic tools used at the end of the process. The identification of low-abundance proteins poses a particular challenge. Improvement in the area of multidimensional separations and pre-fractionation of sub-proteomes is the subject of extensive research. However, the current technologies are highly complementary to each other and provide valuable information on a wide range of proteins, especially when the level of protein expression can be correlated to a disease state. 

Proteomics of the Liver in Health and Disease (Reviews 11-14)

It is critical to develop a knowledge base of the normal liver proteome, including a comprehensive analysis of proteins in the range of cell types. The liver is composed of different cell types arising from several embryological origins and therefore expressing highly distinct phenotypes. The most abundant cell is the hepatocyte and primary hepatocytes can be isolated and cultured.  However, variation may be introduced by cell-handling during recovery of hepatocytes from culture.  The development of laser capture microdissection (LCM) technology for isolating specific cells from defined areas of tissue has opened new paths. Because liver cells contain abundant, highly-developed organelles, the liver parenchyma has traditionally been a widely used tool for studies involving subcellular fractionation and proteomic technology development.  Studies of subcellular organelles have the potential to improve understanding of multiple hepatocellular functions.  In addition, none of the currently-available proteomics techniques allows the analysis of an entire proteome in a single step and several studies have now been published that analyze well-defined groups of proteins (e.g., purified organelles, membrane micro-domains).  With such a strategy, the sample complexity and, therefore, the analytical challenge are reduced while the biological information obtained is enriched in relevance for the system studied. The liver organelle proteomes studied to date include the mitochondria with close to three hundred proteins in liver mitochondria identified; the Golgi with the discovery of 41 proteins of unknown function and of a novel methyltransferase activity within the Golgi fraction; peroxisomes; microsomal vesicles and lipid rafts. Our group used 2D gel electrophoresis and MS to identify the protein content of subcellular domains, isolated from stable Huh7 cell lines expressing a self-replicating full-length HCV genome. Replication complexes of HCV are localized within detergent-resistant membranes or lipid rafts and flotation assay on sucrose gradient was used to isolate the lipid raft fractions. The corresponding proteins were subsequently precipitated, separated by 2-D PAGE and identified by MS. The level of 39 of them was reproducibly modified in lipid rafts from HCV replicon cells compared to lipid rafts from control cells. These specific proteins are proteins involved in protein trafficking, vesicle formation and transport, or in the secretory pathway. Other proteins have apoptosis-related functions. One example is N-Ras. We identified N-Ras as one of the proteins in which expression was increased in the detergent-resistant fractions from HCV genomic replicon clones compared to control cells. We demonstrated that N-Ras is redistributed in lipid rafts in HCV replicon cells, leading to the activation of the phosphatidylinositol-3-kinase (PI3K)-Akt pathway, as well as the activity of their downstream target, mTOR. Activation of this pathway, not only protected the HCV replicon cells against apoptosis, but also reduced HCV replication. 

Several proteomics studies of hepatocellular carcinoma (HCC) have been reported. The major goal for most of these studies is the identification of markers for early detection of HCC. There are different strategies for the search for protein biomarkers. One is the direct analysis of serum or other biological fluids.  Because of the complexity and the extraordinary dynamic range of serum (e.g., the concentrations of serum albumin and alpha fetoprotein are separated by 7 orders of magnitude), protein profiling is challenging. A second strategy for identifying new markers for HCC is analysis of the diseased tissue; this has been the primary approach used so far for HCC. Most proteomic analyses of HCC tissues have been performed using 2D-PAGE followed by MS.  This method has led to the identification of a large number of proteins modified in HCC compared to adjacent non-tumor tissues. Protein separation by 2D-PAGE can discriminate between post-translationally modified or processed protein isoforms. In our group, we have analyzed and compared neoplastic and non-neoplastic liver tissues from the same patients by both transcriptomic, using DNA microarrays and proteomic, using 2-D PAGE and MS. Our integrated RNA/Protein approach has provided new insights into genes that are potentially important in the development of hepatic carcinoma, as well as a potential for identifying new markers for early HCC diagnosis. In particular, we identified a large number of proteins modified in HCC compared to adjacent non-tumor tissues. Remarkably, only 30% of the protein changes correlated with changes at the corresponding transcript level, suggesting that post-transcriptional and post-translational alterations largely account for protein modifications in HCC. Notably, 28% of the protein spots we identified as modified in HCC corresponded to proteolytic cleavages. Interestingly, some of the proteolytic fragments generated were released in the extracellular compartment and detected in the serum of HCC patients but not in the serum of healthy individuals. Levels in serum of these protein fragments were also highly significantly different between patients with HCC and patients at high risk of developing HCC namely patients with chronic hepatitis and patients with cirrhosis. Specific isoforms in general and cleavage products in particular should therefore be further evaluated as new markers arising from protein processing dysregulation specific for HCC. A third strategy for biomarker discovery is to exploit the host immune response as a biosensor for cancer. Conformational change and cellular accumulation of altered proteins in tumors can initiate the generation of autoantibodies to these antigens.  Circulating autoantibodies directed against HCC antigens may have clinical value in early detection.  We have implemented a proteomic approach relying on 2D-PAGE and MS for the identification of tumor antigens that induce antibody responses in HCC. To this end, proteins from HCC tissues or hepatoma cell lines were separated by 2D-PAGE and transferred onto membranes. Sera from HCC patients were then individually screened for antibodies reacting against the separated proteins. Proteins that specifically react with high frequency with sera from HCC patients were subsequently identified by MS. We have evidence that the presence of some of the identified autoantibodies is a consequence of proteolytic cleavage in HCC. 

Perspectives and future directions (Review 15)

Validation of proteomics studies as well as comparison and integration of the results obtained by independent groups worldwide remain as major challenges. The Human Proteome Organization (HUPO) is promoting the field of proteomics and is developing several major initiatives including a Human Liver Proteome Project
 (HLPP).  The mission of HLPP is the characterization and localization of proteins in the normal and diseased human liver, the overall objective being the generation of an integrative approach leading to a comprehensive functional map of the liver as a tool to accelerate the development of diagnostics and therapeutics toward the diseases of this organ.  The plan is to build an international network of experts in liver cell biology, proteomics and bioinformatics capable of undertaking the aforementioned mission and to develop a common bioinformatics platform to track samples with centralized data capture and analysis. A global effort such as the HLPP will help to establish the standards necessary for sample preparation and data analysis.  

The field of proteomics is fast evolving as demonstrated by the fact that the number of proteins identified in human plasma has quadruple in less than 2 years. A major task in proteomics research is to move beyond the identification of proteins, seeking insights into protein functions and a more thorough understanding of the proteins and their modifications and interactions that underlie normal cell function, which can in turn be applied to understanding the molecular basis of disease processes.  Proteomic analysis, performed to date, have allowed the identification of a wide range of candidate protein markers for liver diseases and novel targets will continue to emerge. How to bring a marker from discovery to clinical application? One challenge will lie in the technical ability to efficiently detect and quantitate these candidate markers. Antibody based assays remain the standard for specific detection and quantitation of proteins. Therefore, there is an urgent need to develop antibodies that combine high affinity with exclusive specificity. Comprehensive proteomic liver profiling and availability of antibodies remain major challenges for biomarker discovery. Validation studies on large cohorts of patients will be the ultimate step towards clinical use. Further development and validation of liver disease markers depend on cooperation between molecular biologists and clinical researchers. It is the hope that liver proteome initiatives will allow the rapid translation of findings from basic research to practical means of prevention, control, and cure of liver diseases.
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