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Abstract
Recent advances in genomic medicine have allowed for the possibility of an era of tailored medicine that may eventually replace traditional “one-size-fits all” approaches to the treatment of inflammatory bowel disease (IBD). In addition to exploring the interactions between hosts and microbes referred to as the microbiome, a variety of strategies that can be tailored to an individual in the coming era of personalized medicine in the treatment of IBD are being researched and include prompt genomic screening of patients at risk of developing IBD, the utility of molecular discrimination of IBD subtypes among patients diagnosed with IBD, and the discovery of proteome biomarkers to diagnose or predict cancer risks. Host genetic factors influence the etiology of IBD, as do microbial ecosystems in the human bowel, which are not uniform, but instead represent many different microhabitats which can be influenced by diet and impact processes essential in bowel metabolism. Further advances in basic research regarding intestinal inflammation may reveal new insights into the role of the inflammatory mediators referred to as the inflammasome, the macromolecular complex of the metabolites formed by intestinal bacteria. Collectively, knowledge of the inflammasome and metagenomics bring about to the development of biomarkers for IBD that can be imply into control in order to targeting specific pathogenic mechanisms that is able to alter the spontaneous progress of IBD. In this review article, our recent results regarding the discovery of potential proteomic biomarkers using a label-free quantification technique will be introduced and on-going projects contributing to either the discrimination of IBD subtypes or to the prediction of cancer risks will be accompanied by updated information from IBD biomarker research.
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Core tip: Our recent achievements in discovering biomarkers to predict cancer risk are introduced. Ultimately, models based on combinations of genotype and gene expression data referenced with clinical, biochemical, and serological data may permit the development of tools for individualized risk stratification and efficient treatment selection as well as complete rescue from complications including colitis-associated cancer in the near future.
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INTRODUCTION
Inflammatory bowel disease (IBD) is chronic inflammatory diseases that cause to injury of the gastrointestinal (GI) tract and are accompanied by clinical characteristics of remission and relapse. The two common type of IBD are ulcerative colitis (UC) and Crohn's (CD). Although many molecular methods for the investigation of protein and gene sequences have contributed to diagnostic methodologies, the diagnosis of IBD is primarily based on clinical, endoscopic, radiologic, and characteristic histologic criteria. Unfortunately, there has been little to no change in this traditional approach to diagnosis despite modern advances in genomics and proteomics. However, progress in treatment strategies involving the incorporation of marketed biologics and molecular targeted therapeutics has lead to the development of the beneficial concept of “deep remission” or “mucosal healing” in the treatment of IBD[1,2]. Furthermore, there are two major of the diagnostic methods including the advance of more complicated endoscopic and non-invasive imaging methods. These techniques used to improve quality of life (QOL) of patient, predict complications, and contribute to prevention or surveillance of cancer associated with IBD such as colitis-associated cancer (CAC)[3].
Recent developments of the molecular pathogenesis of IBD have highlighted three aspects. First, IBD is caused by complex disorders influenced by susceptibility genes and is characterized by disturbed epithelial barrier function and abnormal innate and adaptive immunity. Second, the compositions of gut microflora were changed or disorganized of epithelial barrier function cause to response from the immune system. Thirdly, a murine model has been very helpful in unraveling the pathogenesis/mucosal immunopathology of IBD[4] by suggesting that the abnormal immune reaction to normal microbiota result from dysregulation of the mucosal immune system[5]. For example, the composition of microbe in the gastrointestinal tract may impair cause to lifestyle in developed countries and the infection of pathogen with immune system in the gastrointestinal tract is a significant function in modulation of immune system. These data may explain why developing and some Asian countries are confronting steep increases in the incidence of IBD. Developments in gene-sequencing technologies such as next generation sequencing, as well as the the several of bioinformatic tools led to discover of novel insights of microbe balance in the human gastrointestinal tract and the effect of microbe on human physiology and pathology[6].
Additional innovative technologies such as mass spectrometry (MS)-based proteomics, also referred to as next generation proteomics, have allowed for the discovery of new classes of proteomic biomarkers that can be used to explore the accurate and comprehensive molecular characterization of IBD genes and proteomes. These advances are expected to lead to more reliable identification of IBD diagnostic- or progression-specific targets and enable molecular diagnosis as well as provide guidance regarding the selection of treatment options and the risk of cancer development in cases with longstanding remission and relapse[7]. A more robust molecular definition of IBD subtypes is likely to be based on specific molecular pathways that determine not only disease susceptibility, but also disease characteristics such as location, natural history, and therapeutic response. Furthermore, such advances could be applicable in defining “deep remission”, which have not been feasible with either currently used scoring systems or endoscopic evaluations. Discovering biomarkers in IBD may allow for objective measurements of disease activity and severity while also serving as prognostic indicators regarding therapeutic outcomes[8]. Furthermore, the discovery of one or more biomarkers predictive of the risk of IBD-associated cancers such as CAC, combined with advanced therapeutics may lead to tremendous improvements in patient QOL in the near future.
In this review article, our recent achievements in discovering biomarkers to predict cancer risk are introduced. Ultimately, models based on combinations of genotype and gene expression data referenced with clinical, biochemical, and serological data may permit the development of tools for individualized risk stratification and efficient treatment selection as well as complete rescue from complications including CAC in the near future[9].

Molecular pathogenesis of colorectal cancer and CAC 
Chronic inflammatory diseases are associated with cancer incidence and depended on their duration as well as severity of diseases. As examples, Barrett’s esophagus is relevant to esophageal cancer, chronic Helicobacter pylori-associated chronic atrophic gastritis is relevant to gastric cancer, and UC or CD are relevant to CAC. These are well-acknowledged examples that support a connection between gut inflammation and cancer. In fact, it has been reported that patients with IBD are at enhanced risk of colorectal cancer (CRC), as approximately 15% of CRC patients have related IBD etiology[10]. Though general carcinogenesis is a multi-factorial progress that combines accumulation of genetic mutation, post modification, and cell-matrix reciprocal action, inflammation-prone carcinogenesis is somewhat different[11]. Since the utility of biomarkers for CAC can be extended to facilitate earlier detection of dysplasia, the targeted manipulation of biomarkers may afford good chance for the advance of cancer therapies and cancer preventions and may verify effective in reducing the development of CAC with clinical interventions such as use of blocking agents or endoscopic treatments. Regarding molecular aspects, the mechanism of CAC in IBD differ from CRC which is well-known adenoma-to-carcinoma sequence while CAC appears to take place from either flat dysplastic tissue or dysplasia-associated lesions or masses[12]. The major pathway of sporadic CRC and CAC compose of chromosomal instability, hypermethylation, and microsatellite instability, but CAC demonstrates of the inflamed colonic mucosa before histological changes of dysplasia or cancer. Patients with IBD show high risk to CAC following diagnosis and patients have common symptom such as coliits[13]. The risk for CAC is increase in disease onset of younger patients, more extensive colitis, concomitant primary sclerosing cholangitis, and a famiry history of CRC[14]. Most of cancers are no high risk related with proctitis but increased in pancolitis, thus, left-sided colitis carries an intermediate cancer risk[15]. Patients with CD and UD has the same risk of CRC and the prevalence in the US is greater than 200 cases per 100000, representing a total of between 1 and 1.5 million patients with IBD. Fortunately, these incidences of CAC are lower than United States and other western countries[16]. A biological background for the high risk of CRC in IBD give an one-side interpretation, patients have high levels of inflammatory mediators production may progress development of CAC. The key signaling of IBD-induced carcinogenesis is inflammation cytokines induced by mucosal and immune cells in the gut. The key molecules of inflammation, including nuclear factor kappaB (NF-κB) and cyclooxygenase-2 (COX-2), are important role to link between inflammation and cancer. Recently, other factors, such as tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6)-induced signaling, have been proven to induce cancer development in animal experiments of CAC[17]. Based on these molecular carcinogeneses, we have tried to apply biologics such as infliximab to neutralize TNF-α, a proton pump inhibitor based on mechanisms including the inhibition of NF-κB as well as attenuation of oxidative stress, and aspirin/celecoxib to inhibit cancer-prone COX enzymes. As expected, all of these efforts to block inflammation-promoted carcinogenesis efficiently prevented CAC in our mouse model experiments[18,19]. The recent descriptions of epigenetic alterations, in particular alterations in DNA methylation, that have been observed during inflammation and inflammation-associated carcinogenesis led us to explore nutritional interventions as a means of targeting and correcting epigenetic oncogenic abnormalities as a form of CAC prevention[20].

Biomarker for CAC prediction 
Patients with long-standing UC and CD are at increased risk for developing CRC and patients with small intestinal CD have a high risk for developing small bowel adenocarcinoma. Unlike the sporadic CRC that can develop in those with IBD, CAC development is intimately associated with IBD. In those with IBD, CAC results from a process which is believed to begin with mutagenic benign inflammation developing to indeterminate, low-grade, high-grade dysplasia and eventually to carcinoma. Regarding the risk factors predisposing to carcinoma in IBD, the risk is increased depending on duration, severity of colitis, presence of sclerosing cholangitis, degree of inflammation, and family history of CRC. Evidence-based medicine advises patients with colitis should keep under surveillance colonoscopy after diagnosis at 8 to 10 years. As surveillance guidelines for early detection of CAC, the general approach of periodic endoscopic examinations and systematic random biopsies of involved mucosa is generally recommended[21]. Recently, advance colonoscopic techniques including narrow band imaging, chromoendoscopy, and confocal microendoscopy, were used to identity abnormal areas, but definitely, one will be potential biomarkers highlighting these adoptions of high resolution endoscopes[22]. Though medications such as aminosalicylates, folic acid, and ursodeoxycholic acid seem to be chemopreventive, potent preventive therapeutics as well as surveillance of high risk patients through the use of potential biomarkers would seem to be ideal[23].

CURRENT STATUS OF BIOLOGICAL MARKERS FOR IBD
The serologic markers of IBD are rapidly developing. However, there are two antibodies such as anti-Saccharomyces cerevisiae antibodies (ASCA) and atypical perinuclear antineutrophil cytoplasmic antibodies (P-ANCA) which is the most studied while their limited sensitivity. Thus, the relationship between serologic markers of disease pattern and phenotype may be of greater value than the use of serologic markers as diagnostic tools. As examples, Patient with CD who have various serologic makers at high titers is more serious small intestine disease, than those with low titers of antibodies[24]. On the genetic level, application of the genome wide association study design in CD has provided new insights regarding to the immunopathogenesis of CD that link to genes of the innate and adaptive immune system[25]. Only patient with CD was associated with gene mutation of NOD2 and ATG16L1 autophagy gene, both of genes which affect the intracellular mechanism of bacteria. In addition, genetic variation of IL-23 receptor, STAT3 and NKX2-3 genes, which were associated with CD and UC in Asian patients. Although comparative analyses of gene associations between CD and UD can disclose and unique mechanisms of immunopathogenesis of IBD, such results have limited applicability in real-world clinical settings due to ethnic, racial, and environmental differences in the samples studied. Since the formulation of the concept of proteomics, a plethora of proteomic technologies have been developed in order to study proteomes. In IBD, several studies have used proteomics in attempts to better understand the disease and discover molecules that could serve as therapeutic targets. The advance of proteomic technologies will suggest important effect on the development of new biomarkers for IBD[26]. Further advances in proteomic technologies has allowed us to use label-free quantification for detecting biomarkers in various IBD patients for the first time. Results are expected to provide additional insights in to the molecular biomarkers of IBD that may be used in predicting responses to treatment[27].

Classic serological and fecal markers in IBD 
Currently diagnosis and treatment of IBD from blood and stool of patient, give reliable and quantitative tools to clinicians[28]. C-reactive protein (CRP) and fecal-based leukocyte markers, calprotectin (Cal) or lactoferin (Lf), can help clinicians in assessing disease activity and in distinguishing IBD from other non-inflammatory diarrhea and simple colitis. Both of serologic tests including ASCA and P-ANCA can use to know the current status and risk of IBD[29]. The progression of IBD and inflammatory processes are assessed by the tests for CRP and erythrocyte sedimentation rate (ESR). In addition, clinicians may be measured levels of drug metabolites and antibodies against therapeutic agents which aim to determine why patients do not respond to treatment and to select alternative therapy. Advantages of using the fecal markers including Cal or Lf, are easy to detect and use inexpensive ELISA technique as well as their stability in feces for long time[30]. However, several limitations have been associated with these classical serological and fecal markers in IBD. The advantages of ESR technique such as easy to determine, easy to available, and inexpensive, but it has several disadvantages such as a concentration that depends on age, several confounders, and the use of certain drugs[31]. Several factors can be affect the CRP utility including long half life and prolonged latency period after changes in chronic IBD. Determination of fecal Cal or Lf markers is very helpful in diagnosis of chronic IBD, while, GI diseases, including chronic IBD, ischemic colitis, and non-steroidal anti-inflammatory drug-associated intestinal damage also show greater leukocyte elimination in feces[32]. In spite of 80%-100% diagnostic accuracy levels, fecal markers are not specific for IBD and may be elevated in a range of organic conditions. In order to compensate for these limitations, Langhorst et al[33] evaluated fecal levels of PMN-elastase (PMN-e) in addition to the aforementioned markers and concluded IBD and IBS can be discriminated by the fecal markers Cal, Lf, and PMN-e. However, these fecal markers have shown similar capacity to indicate endoscopic pathology, however, these markers have been shown more efficient to diagnose than CRP. Therefore, the combination diagnosis of fecal markers and CRP with disease-specific activity index will be very useful to advance the diagnosis ability when assessing endoscopic inflammation in UC. It should be noted that these fecal markers were proven to be very efficient in diagnosing IBD as well as in predicting impending clinical relapse in pediatric patients with IBD[34]. Despite the benefits that can be derived from these serum and fecal biomarkers, there remain considerable room for improvement regarding disease prediction and prognosis assessment, as none can be applied to predict future risk of CAC development in IBD.

Proteomic biomarkers in IBD 
Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) and surface-enhanced laser desorption/ ionization (SELDI)-TOF MS, have recently become popular methods for the analysis of macromolecules of biological origin such as tissues, serum, or plasma[35]. MALDI-TOF MS is used in clinical medicine to discover disease markers in combination with classic protein gel analysis (1-D) and two dimensional gel electrophoresis separation accomplished through either peptide mass fingerprinting or peptide sequence tag (2-D) analysis followed by a data base search using proteome blot analysis software[36]. Using these applications, evaluation of samples by MALDI-TOF MS can give novel data regarding peptides present in high molecular mass and may therefore be valuable for assessment of potential disease markers of IBD. For example, Nanni et al[37] determined serum proteins of 22 healthy subjects and 41 patients with IBD (15 CD, 26 UC) extracted with reversed-phase (C18) and subsequently performed MALDI-TOF MS . Then the results reported in the highest prognosis capability (96.9%) of identifiable protein biomarkers involved in IBD discrimination. Similarly, Liu et al[38] study, serum proteins from 74 CRC samples compared with 48 healthy samples were applied SELDI-TOF MS by using ProteinChip reader. The diagnostic pattern can distinguish samples according to status of CRC from normal samples with sensitivity and specificity of 95% by independent analysis of samples. These two studies demonstrated the high potential for biomarker discovery in patients with IBD or CRC in clinical settings and further clinical validation in large patient cohorts is expected to promote the use of novel biomarkers into clinical practice[39]. In addition to protein identification, difference gel electrophoresis coming 2-D electrophoresis is another method. However, isobaric tags for relative and absolute quantification (iTRAQ) and stable isotope labeling by amino acids (SILAC) are the best methods until now. Sample preparation step is important to the success or failure of such analysis and subcellular fractionation can be used to give more specific protein localization analysis than total cellular proteins[40-42]. In our recent study[43], we applied advanced technologies such as iTRAQ and SILAC for label-free quantification in samples obtained from a mouse model for UC and CAC to identify potential biomarkers for cancer-prone inflammation in IBD and evaluate empirical therapeutics.

PROTEOMIC BIOMARKER DISCOVERY FOR CAC: A CLASSICAL PROTEOMIC APPROACH
Multiple chemical and biological systems including the intestinal tissue itself, its associated immune system, the gut microbiota, xenobiotics, and their metabolites meet and interact to form a tightly regulated state of tissue homeostasis. Disturbance that affect this state of homeostasis can cause IBD as well as CAC through intercalated multi-factorial mechanisms. Many strong pathological and mechanistic correlates exist between mouse models of CAC and the clinically-relevant situation in humans, allowing for the use of approaches adopting systems biology[44]. Furthermore, the close proximity of colonic tumors to the myriad of intestinal microbes as well as the instrumental implication of microbiota in IBD introduces microbes as new factors capable of triggering inflammation and possibly promoting CAC, necessitating high throughput metabolomic approaches[45]. Additionally, a detailed understanding of these interactions may also provide a means of preventing CAC[46]. In a small study, Watanabe et al[47] performed a low density array analysis of 149 genes implicated in CAC and identified 20 genes showing differential expression between UC- and non-UC-associated CAC, including cancer-related genes such as CYP27B1, runt-related transcription factor 3, sterile alpha motif domain-containing protein 1, EGF-like repeats and discoidin I-like domain 3, nucleolar protein 3, CXCL9, integrin beta2, and LYN. Colliver et al[48] demonstrated that 392 transcripts showed differential expression in progression from UC to CAC. Both of dysplasia and CAC showed 224 transcripts common and it was concluded that some genes showed same modification both in dysplasia and CAC, signifying that they can be related with tumor initiation and progression. Following these studies, a host of potential biomarkers have been reported in literature including cytokeratin 7/20[49], a-methylacyl-CoA-racemase[50], transgelin, a frame shift mutation in the TGF-β type II receptor[51,52], HSP47[53], methylation of the estrogen receptor[54], association with certain HLA class II alleles[55], DNA methyltransferase-1[56], 8-nitroguanine or 8-oxo-deoxyguanine[57-59], CCL20[60], and activation-induced cytidine deaminase[61]. Using our experimental animal model for colitic cancer, which was provoked with repeated bouts of UC, and additional proteomic method based on 2-D electrophoresis and MALDI-TOF MS to analyze proteins related in CAC. In detail, 38 proteins were differentially showed in CAC and healthy sample using comparative 2-D electrophoresis analysis. Through validation studies, 27 proteins which included enolase, GRP94, HSC70 prohibitin, and transgelin were identified. Among these identified proteomes, the down-regulation of transgelin protein in mouse colitic cancer was supported by western blot and immunohistochemistry. Moreover, transgelin was significantly decreased in colon tumor as compared to non-tumorous regions in human and concluded that reduction of transgelin could be a good biomarker for CAC[62].

BIOMARKER DISCOVERY FOR CAC: THE NEXT GENERATION OF PROTEOMICS
Currently, knowledge of proteomics is important and provide researches with complicated label and label-free technique. This next generation of proteomics may provide effective perspectives in the diagnosis and treatment of gastrointestinal disease and allow for translation of proteomics from the bench to the bedside. Currently, proteomic studies focus not only identification of proteins in sample but also quantification of them. Various protein expression profiles are importantly examined because it gives useful information, especially in clinical proteomics, involving molecular targets related to specific diseases. The technology for proteomics study is continuously developing, and both of methods have their several advantages. Currently, label-free and isotope-label techniques are used to study quantitative of protein. Label-free approach with spectral and signal quantitation for identified amino acids provides accurate relative protein expression data and is easy way to determine quantitative information. However, these strategies have errors from variation in protein preparation that may be reduced when various stable isotopes are inserted in the specimens to make protein isotopomers which have different spectrum according to their different masses. Therefore, several metabolic labeling strategies that apply stable isotopes to minimize error have been improved recently and have been applied in animal models.

Biomarkers to predict CAC risk discovered via label-free quantification analyses A comparative label-free quantification analysis was conducted in 8 patients with UC, 8 patients with CD, and 8 patients with irritable bowel syndrome (IBS). Colonic tissue biopsies were obtained during colonoscopy after written consent and stored in deep freeze until the assay. Using an Agilent HPLC-Chip 6520 Q-TOF MS system and a label-free quantitative technique (IDEAL-Q v1.0.6.3), signal pathway analysis regarding carcinogenesis was conducted in order to discover potential biomarkers in CAC (Figure 1). The analysis was conducted according to the degree of intestinal inflammation, type of IBD, and extent of inflammation. To compare against the analysis from IBS samples, the proteomes implying CAC risk were isolated (Figure 2A and 2B). As seen in Figure 2A, 22 significant proteomes were found to be potential biomarkers predicting CAC risk in patients with UC and Figure 2B shows the 19 proteomes found to be potential biomarkers for CAC risk in patients with CD. Further analysis yielded 4 important proteome biomarkers including proteoglycan 2 (PRG2), S100A6 (calcyclin), ribosomal protein L18 (RPL18), UDP-glucose dehydrogenase (UGDH) as potential target proteomes and predictive biomarkers for CAC risk in IBD (Figure 3). PRG is a major component of the animal extracellular matrix and has been shown to be involved in the differentiation process across the epithelial-mesenchymal axis. It is one of potential biomarker inferred principally through their ability to bind growth factors and modulate their downstream signaling since malignant tumors have their individual characteristic PRG profiles closely associated with their differentiation and biological behavior. PRG2 has further been implicated as a biomarker for neuropathic pain attributable to advanced pancreatic cancer[63], animal model of CAC[27], inflammation related gene of several cancers including prostate, lung, and CRC[64], pancreatic cancer[65]. S100 calcium binding protein A6 (S100A6), an S100 calcium-binding protein whose expression is up-regulated in proliferating and differentiating cells[66], has been reported to be a possible biomarker for hepatocellular carcinoma[67,68], pancreatic cancer[69], acute lymphoblastic leukemia[70], CRC[71], and breast cancer[72]. RPL18 as gene encoding ribosomal protein, especially 60S, expressed in stem cell factor[73], adipogenesis[74], and UGDH as biomarker for cancer metabolism. The oxidation of UDP-glucose is catalyzed by UDP-glucose dehydrogenase (UGDH) to generate UDP-glucuronic acid (UDP-GlcA), a precursor of glycosaminoglycans (GAGs). Wang et al[75] showed decreases in the expression of UGDH, UDP-GlcA and GAG expression after treated a UGDH-siRNA to HCT-8 colon cancer cells and concluded that UGDH can be a new target for CRC clinical treatment[76]. Additionally, UGDH has been identified as a potential biomarker for prostate cancer[77,78], hepatocellular carcinoma[79], and breast cancer[80].

Biomarkers to predict CAC risk discovered via label-based protein quantification analyses 
Proteomic techniques with blood and biopsy provide reliable and accurate tools which leading to support clinicians for diagnosis and treatment of IBD. For example, clinically meaningful biomarkers may be used in the differential diagnosis of CD and UC or as predictors of treatment responses. Tandem mass spectrometry (MS/MS) is mainly used proteomic analysis. But, various workflows are possible for peptide analysis prior to MS/MS as well as bioinformatics to identify peptides, for which 2-D electrophoresis and following MS, liquid chromatography-MS, difference gel electrophoresis subsequent 2-D electrophoresis, and iTRAQ are under development. In our previous publication[43], the present status and perspectives regarding these developed proteomic methods were showed, with descriptions of examples of new biomarkers for the diagnosis, treatment, and prognosis of IBD and CAC in mouse models and human. In detail, we have showed the new concepts and technologies of proteomics, such as protein identification and proteome coverage, determined with iTRAQ with different shot-gun proteomic methods in samples from an animal model of CAC that uses repeated oral administration of dextran sulfate sodium (DSS) to induce CAC. As previously reported, iTRAQ protein quantification analysis identified fibrinogen beta, prohibitin, transgelin, Hsc-70-interacting protein, suppression of tumorigenesity 13 (ST13), a TKL kinase of the MLK famil, dual leucine zipper kinase (MKL1), actin, beta, protein-coding gene (ACTB), ubiquitin carboxyl-term, esterase L3 (UCHL3), coronin, actin binding protein, 1A (CORO1A), hypoxanthin-guanine phosphoribosyltransferase (HPRT), glutathione peroxidase 1 (GPX1), estrogen receptor 1 (ESR1), transcriptional repressor protein 1 (YY1), transcription activator1, ATP-depedent helicase SMARCA4 (BRG1), brahma gene (BRM), and ornithine aminotransferase (OAT) as potential biomarkers for CAC in the DSS-induced colitic cancer model[43].

CONCLUSION
MALDI imaging mass spectrometry (IMS) is a new technology for analysis of small peptides in the various sample and novel tool for molecular mechanism study of biological tissue. Recent study has demonstrated considerable diagnostic and prognostic value which should be applicable to clinical settings in the near future[81,82]. However, one challenge associated with the use of MALDI-IMS in the identification of potential biomarkers involves the systematic identification of peptides introduced in the MALDI matrix with association of top-down and bottom-up analysis[83]. IMS will be investigated without target-specific reagents and permitted finding of the new markers for diagnosis, treatment, and prognosis of CAC as well as the determination of effective therapies. In the near future, an era of tailored medicine will provide for diagnostic algorithms that include molecular parameters for the detection of early disease and treatment algorithms guided by predicting the individual course of disease. However, more trials focused on discovering proteomic biomarkers will be necessary to guide the treatment of IBD with more advanced levels of biologics or molecular targeted therapeutics for inflammation. Using label-free quantification methods on biopsied tissue from patients with IBD, four potential biomarkers, PRG2, S100A6 (calcyclin), RPL18, and UGDH, have been discovered (Figure 3). Further validation of these potential biomarkers will be necessary to ascertain their clinical value.
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Figure 1 Schematic presentation showing proteome analysis to discover potential biomarker and label free quantification analysis in inflammatory bowel disease. A: Applying label free quantification method to discover proteomic biomarkers in patients with different type and different stage of inflammatory bowel disease (IBD) patients, comparative analysis was done in 8 patients with ulcerative colitis (UC), 8 patients with Crohn’s disease (CD), and 8 patients with irritable bowel syndrome (IBS). Colon biopsied tissues were obtained during colonoscopy after written consent, stored in deep freezer until the assay. Using Agilent HPLC-Chip 6520 Q- time-of-flight mass spectrometry (TOF MS) and label free quantitative proteome analysis (IDEAL-Q v1.0.6.3), significant signal pathway analysis was done. In the current review article, the analysis done according to the degree of intestinal inflammation, type of IBD, and extent of inflammation from 24 patients, 8 from non-IBD normal patients, that is, IBS patients, 8 from patients with UC, 8 from patients with CD were displayed; B: Label-free protein quantification scheme for potential biomarker for colitis-associated cancer (CAC) risks in 16 patients with IBD.
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Figure 2 Potential proteomic markers signifying the colitis-associated cancer risks in inflammatory bowel disease. A: Proteomic marker for colitis-associated cancer (CAC) risk in patients with ulcerative colitis (UC) The analysis was done according to the degree of intestinal inflammation, type of inflammatory bowel disease, and extent of inflammation. Comparative with the analysis from CAC, 22 significant proteomes were obtained from patients as potential biomarker of CAC risk in patients with UC, 6 proteomes existing at extracellular space, 2 biomarkers at plasma membrane, 7 proteomes from cytoplasm, and 7 from nucleus proteins; B: Proteomic marker for CAC risk in patients with Crohn’s disease (CD) 19 proteomes were identified as potential biomarkers to tell the risk of CAC in patients with CD, 4 from plasma membrane, 11 from cytoplasm, and 3 from nucleus.


Figure 3
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Figure 3 Proteomic marker for colitis-associated cancer risk in patients with both ulcerative colitis and Crohn’s disease. After analyzing signaling pathways from label–free quantitative analysis, four important proteome biomarkers were pulled out, including proteoglycan 2 (PRG2), S100A6 (calcyclin), ribosomal protein L18 (RPL18), UDP-glucose dehydrogenase (UGDH) with higher fold changes. Validation is ongoing to highlight these biomarkers for predicting colitis-associated cancer risk in patients with inflammatory bowel disease. UC: Ulcerative colitis; CD: Crohn’s disease.
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