Establishment of a hepatocellular carcinoma research website- Encyclopedia of Hepatocellular Carcinoma genes Online (EHCO)
HCC Information Extraction

  EHCO has collected approximately two thousand genes which either have roles in hepatocarcinogenesis or differentially expressed in HCC through microarray or proteomics analyses. In order to carry out an all-around web service, EHCO aims to provide structured information between these genes and HCC reported in literature when users query a candidate gene. Since the amount of biomedical literature available on the web is rapidly increasing, manual information extraction is time-consuming and tedious. Thus we develop a tool to automatically extract gene-HCC relations from natural language text of literature. Here we give an example of text from PudMed 10632334 containing interesting relations to illustrate the idea of automatic information extraction:

“… Using semiquantitative reverse transcription - PCR for alpha - fetoprotein (afp) and albumin ( alb ) mRNAs, we measured the mass of malignant and nontumor hepatocytes in 53 peripheral blood samples collected preoperatively, intraoperatively, and postoperatively from 13 HCC patients … In 100% (23 of 23) of HCC and adenoma patients, alb mRNA levels increased 10 - 10 ( 6 ) - fold intraoperatively and then markedly declined within 8 weeks after operation …” 

This tool needs to be capable of accomplishing the following two tasks: (1) recognizing biomedical named entities (NEs), e.g., afp, alb, mRNA and HCC; (2) recognizing interesting relations between NEs, e.g., HCC and mRNA level. These two tasks are called named entity recognition (NER) and named entity relation recognition (NERR) in natural language processing (NLP) area, and are perplexing challenges in NLP. 

Most biomedical NEs have no nomenclature, and appear in the form of long compound words or short abbreviations. Various symbols and spelling variation can be observed in biomedical NEs. In summary, unknown known word identification and named entities boundary identification are major difficulties in NER. Different approaches have been proposed to tackle these challenges, including machine learning, dictionary-based methods, rule-based methods and combinations of the above methods. Once NER is tackled, then we can proceed to deal with NERR. Compared with NER, NERR is much harder and research progress is slower. Relations are usually expressed in various verbal forms, including active voice, passive voice, nominalization, and gerund forms. Some relations are presented in adjective and adverb forms. Complex sentence structure even complicates the NERR problem. Natural language parser and template-based methods are two major methods to solve NERR challenges.

   To resolve the automatic information extraction of gene-HCC relations, we first define specific named entities of interest, which include gene, protein, mRNA, serum, hepatitis B virus (HBV), hepatitis C virus (HCV), methylation, liver regeneration, HCC, cirrhosis, fibrosis, and necrosis. We then identify useful relations and express the relations in a table form for users to conveniently browse. The relations extracted from the above example text are shown in Table 1.

Table 1: Information Extraction Results of Gene alb and Pubmed id 10632334

	PubMed ID
	Gene
	Protein
	mRNA
	Serum
	HBV
	HCV

	10632334
	(
	
	-
	
	
	

	Methylation
	Liver Regeneration
	HCC
	Cirrhosis
	Fibrosis
	Necrosis
	

	
	
	(
	(
	
	
	


(: appear   +: increased expression  -: decreased expression

To accomplish results as shown in Table 1, we have built a prototype of gene-HCC relation knowledge base system (Fig. 1) which consists of the following two systems:

(1) Document retrieval/filtering system (DR/F system): This system automatically retrieve documents addressing gene-HCC relation from PubMed by search for keyword combination (Gene Symbol or Gene Alias) and (Hepatocellular Carcinoma), and then download papers. 
(2) Biological information extraction system (BioIE system): Two subsystems are involved: NER system and NERR system. The NER system is used to detect whether specific terms mentioned above appear in abstracts. If the abstract contain those concepts, the system will mark “(” in the information extraction result table. The NERR system aims to detect whether increased expression or decreased expression of genes, proteins, mRNAs and serum are reported. 
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Fig 1. Gene-HCC relation knowledge base system

In our design, when users query a specific gene, the ECHO will automatically reply a number of result tables similar to Table 1, each corresponding to a PubMed abstract, instead of a summarized table since papers may report contradicting results. In the prototyping stage, we have processed over a thousand genes to develop a corpus as shown in Table 2. In Table 3, we show the experiment results of the corpus.

Table 2: Corpus

	Number of genes
	Number of papers
	Number of sentences

	1017
	10072
	102968


Table 3: Information extraction results (measured in the number of occurrences)

	Gene
	Protein
	mRNA
	Serum
	HBV
	HCV

	14229
	446
	684
	3836
	1365
	1031

	Methylation
	Liver Regeneration
	HCC
	Cirrhosis
	Fibrosis
	Necrosis

	377
	146
	14287
	3439
	421
	1112


