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			Introduction

			Gallbladder cancer (GBC) is a rare but highly aggressive neoplasm with a dismal prognosis and a median survival of less than one year in the locally advanced or metastatic setting. About 90% of patients are detected at advanced stages, and systemic chemotherapy is the mainstay of their treatment. Among the few lucky ones who could undergo curative resection the recurrence rates are high. The treatment options for these patients are limited and multiple modalities of therapy from targeted therapy to immunotherapy and combination therapies have been tested in this disease. Targeted therapies have failed to show a survival benefit. An understanding to the relationship between molecular genetics and pathogenesis of gallbladder cancer can add new insights to understanding of signaling pathways that may be targeted by therapeutic agents. In this article, we will review recent update regarding molecular epidemiology, pathogenesis, and molecular genetics of gallbladder cancer. 

			Gallbladder cancer (GBC) being quite uncommon disease in the west, where most of the advancement in molecular genetics took place, it is not surprising that serious efforts to uncover the mechanistic insights of GBC at molecular level started very late. However, reports implicating role of genetic/hereditary predisposition can be traced in scientific literature as early as in early 80s Trajber et al. [1], Weiss et al. [2]. Late 70s and early 80s was an exciting time in biological research especially for cancer researchers who were establishing the links between 

cancer and heredity and role of mutated genes were beginning to be discovered with regard to various types of cancers. It was 1983 when Hecht and his colleagues who used karyotyping techniques and first reported a high degree of aneuploidy including multiple instances of missing chromosomes, extra chromosomes, and chromosome rearrangements in tumor tissue specimen obtained from a Papago Indian woman with gallbladder adenocarcinoma in the United States. Double minute chromosomes and homogeneous staining regions on chromosomes were also reported to be present in the cancer cells Hecht et al. [3]. 

			First few important studies demonstrating familial predisposition of gallbladder cancer include a report from Japan in which the authors presented two cases of anomalous pancreaticobiliary duct union that occurred in a mother and her daughter; the former was associated with gallbladder adenocarcinoma and the latter, gallbladder adenoma with high grade dysplasia Miyazaki et al. [4]. However, it was Tsuda and his colleagues who first used molecular methods in 1989 to detect genetic changes at molecular level in gallbladder cancer tissues Tsuda et al. [5]. They performed Southern blot analyses on squamous cell carcinoma of gallbladder, using a panel of several oncogenes as probes. 

			Two genes HST1 and INT2 genes, both of which were mapped to chromosome 11 at band q13, were found to be significantly amplified together in a squamous cell carcinoma of the gallbladder. Although it is not very significant study as squamous cell carcinomas of gallbladders are not so common as opposed to adenocarcinomas, however, this observation prompted geneticists/molecular biologists for further molecular based studies in gallbladder malignancies. Another Japanese study published in 1990, first analyzed point mutations at K-ras codon 12 using polymerase chain reaction (PCR) and a direct sequencing method, however, no mutations were detected in all of 9 gallbladder carcinomas Tada et al. [6]. Later in 1993, Kamel et al. [7] first time reported the co-expression of mutant form of tumor suppressor gene p53 and c-erbB-2 in GBC using immunohistochemistry and suggested that alterations of these genes might act in concert in the malignant transformation of gall bladder epithelial cells. They also suggested that the occurrence of p53 expression in gall bladder dysplasias implicated that p53 mutations could be an early event in the evolution of some gall bladder carcinomas, as had been suggested for some other types of tumors, such as lung squamous cell carcinomas Kamel et al. [7].

			A group of researchers from Chile, another geographical area which is known for its high GBC incidence, reported its first molecular study that analyzed the DNA content in gallbladder carcinoma and its relation to histological and cytological features Roa et al. [8]. Abnormal DNA content such as diploid DNA content, and aneuploidy was observed in little more than half of the patients (48 (51%) of 95 cases) studied with GBC which were analyzed by flow cytometric study. Abnormality in DNA content was also found to be associated with late stages of disease. Another small but an important study by Japanese researchers in following year, first time demonstrated mutations in p53 gene using a molecular technique, PCR-single strand conformation polymorphism (SSCP) in almost one third of the patients with GBC Takagi et al. [9]. Following several years saw an increasing number of published studies mostly from Japanese investigators observing mutations in K-ras Watanabe et al. [10], Hanada et al. [11], Matsubara et al. [12], Tomono et al. [13], Saetta et al. [14], Iwase et al. [15], Tanno et al. [16] and p53 genes Hanada et al. [11], Ajiki et al. [17], Fujii et al. [18], Hanada et al. [19], Jonas et al. [20], Yokoyama et al. [21] in significant percentage of patients with GBC. 

			By late 1990s, many studies had detected the mutations and/or the over-expression of mutated oncogenes and tumor suppressor genes in GBC, however, most of them lacked the mechanistic explanations of their findings. In 1999, first important study was published discussing the molecular mechanism underlying tumorigenesis of gallbladder carcinomas Wistuba et al. [22] in which researchers pointed out that although most gallbladder carcinomas evolved from dysplasia and carcinoma in situ, the role of gallbladder adenomas in the pathogenesis of gallbladder carcinoma was still controversial. To determine whether the molecular abnormalities of adenomas are similar to those found in carcinomas, they obtained extracted DNA from precisely micro dissected tissue from 16 gallbladder adenomas (14 pyloric and 2 intestinal-type). They determined the presence of mutations in TP53, K- and N-ras genes, and loss of heterozygosity (LOH) at five other chromosomal regions (5q22 APC-MCC region, RB, TP53, DCC and 9p21-CDKN2a) which are known to have frequent genetic aberration in many other cancers. 

			Based on their findings these researchers concluded that gallbladder adenoma lacked the molecular changes frequently detected in dysplasia, carcinoma in situ, and invasive carcinoma of the gallbladder. Likewise the occurrence of K-ras mutations at codon 12 and 61 in 25% of adenomas strongly suggested that these lesions were not precursors of invasive gallbladder carcinoma Wistuba et al. [23]. Later in 2001, a Japanese study confirmed this hypothesis by analyzing beta-catenin protein expression and mutations in corresponding gene, which is a regulator of cell-cell adhesion and intranuclear transcription, in gallbladder carcinogenesis. Authors observed that the gallbladder adenomas showed significantly stronger expression of beta-catenin protein in the cytoplasm and the nucleus than carcinomas (P < 0.05 and P < 0.001, respectively), and exon 3 mutations in beta-catenin gene were observed in 62.5% (10 of 16) of adenomas, but only 4.8% (1 of 21) of carcinomas. Using beta-catenin as a molecular marker, these investigators demonstrated the adenoma-carcinoma sequence as a minor pathway in gallbladder carcinogenesis Yanagisawa et al. [24]. 

			Besides K-ras and p53, role of some other cancer associated proteins were also explored in GBC. In a study from Japan, expression of mucin core protein MUC1 and MUC2 was examined at the protein and mRNA level in 55 cases of carcinoma and 20 of dysplasia, and in 15 non-dysplastic epithelia of the gall bladder Yamato et al. [25]. Based on their observation they suggested that MUC1 expression by gall bladder carcinoma reflected histological dedifferentiation, increased proliferative activity, and invasiveness, while MUC2 expression was related to lower proliferative activity and reflected some differentiation towards goblet cells; and that MUC1 expression in gall bladder dysplasia also reflected malignant transformation Yamato et al. [25]. Same year a Korean study revealed some molecular alterations in the carcinogenesis of gallbladder carcinoma by analyzing 32 carcinoma cases and 11 dysplasia cases of gallbladder for LOH and microsatellite instability (MSI) on chromosomal regions 3p, 5q, 8p, 9p, 13q, 17p, and 18q with 17 microsatellite markers Chang et al. [26]. They observed that LOH on 5q was an early change of carcinogenesis in gallbladder and that LOH on 3p and 9p was related to the progression of gallbladder carcinoma LOH on 13q and 18q was likely to be a late event. LOH on 17p occurs not only in dysplasia but it was also found to be increased during the subsequent tumor stages. They demonstrated that while accumulation of LOH was associated with carcinogenesis of the gallbladder, role of MI was not significant Chang et al. [26]. A subsequent Japanese study aimed to investigate the genetic changes in gallbladder carcinogenesis suggested that LOH on 17p may played an important role in the evolution of GBC from a relatively early phase, while LOH on 9p and 18q may played roles in progression Hidaka et al. [27]. Another study from Japan, however, emphasizing the etiologic context of pancreaticobiliary malunion (which is a major and uniquely associated factor in Japanese patients with GBC), hypothesized that epithelial hyperplasia played an important role in gallbladder carcinogenesis and based on their findings they believed that neoplastic development in gallbladder with this anatomic anomaly also evolved through a multistep process associated with hyperproliferation and genetic alterations Obara et al. [28]. 

			By the end of 1990s, majority of researchers working in this field, considered that while TP53 (17p13) and p16(Ink4)/CDKN2 (9p21-22) gene loci abnormalities were frequent and early events in the pathogenesis of this neoplasm, deletions at other chromosomal regions (8p21 and DCC gene at 18q21 loci) played an important role in the development of GBC. K-ras gene mutations appeared to be an infrequent event in this neoplasm, except in gallbladder carcinomas associated with congenital abnormalities of the biliary tract. Genetic studies confirmed that the sequence dysplasia-carcinoma in situ (CIS) is the usual route for the development of gallbladder carcinoma Wistuba & Albores-Saavedra [23]. Another study in following year from Japan analyzed 30 gallbladder carcinomas to investigate the role of genetic alterations in their tumorigenesis, and to study correlations with their clinicopathological features. 

			Using multiple markers to study MSI and LOH, authors observed that there were two independent genetic pathways in gallbladder carcinogenesis; one dependent on MSI pathway and another on LOH pathway Yoshida et al. [29]. None of the patients with MSI-positive tumors showed lymph node metastasis, and there was an inverse correlation between MSI and the presence of LOH in gallbladder carcinoma. Soon, a Korean study demonstrated that multiple LOH were associated with the development of dysplasia and the malignant transformation of GBC and genetic alterations of K-ras, p53, and p16 were important steps in the malignant changes of dysplasia while MSI had only a limited role in GB cancer development Kim et al. [30]. However, a report from Chile published in 2005 emphasized the role of MSI in GBC Roa et al. [31]. This group observed MSI in equal proportions in early and late cancers of gallbladder. They demonstrated that MSI was found in premalignant lesions too and indicated that inactivation of mismatch repair genes such as hMLH1, hMSH2, and hMSH6 occurred early in gallbladder carcinogenesis. However, contradicting reports on the role of MSI in GBC kept emerging from different parts of the world. A Greek study in 2006 again asserted the minor role of MSI in GBC Saetta et al. [32]. However, it is important to note that these differences in results could be due to selection of various markers to study MSI in different studies; however role of different mechanisms especially in context of different etiologic factors underlying the events in tumorigenesis in different populations of the patients is certainly a possibility. 

			Availability of newer and more effective molecular methods in early years of 21st century, made it possible for gallbladder researchers to conduct more studies using sophisticated analyses to detect molecular alterations in gallbladder carcinogenesis. While a Japanese study using allelotyping analysis demonstrated that gallbladder carcinoma associated with anomalous junction of pancreaticobiliary duct (AJPBD), a genetic anatomic anomaly, had high frequent allelic loss and had two new regions which they believed might harbor putative tumor suppressor genes Nakayama et al. [33], investigators based in USA (where GBC is a rare malignancy) developed their interest in studying this intriguing disease and used a more sophisticated and global analytical technique, genome-wide allelotyping analysis to reveal multiple sites of allelic loss in GBC and reported at least 21 chromosomal regions with frequent allele losses to be involved, suggesting that several putative tumor suppressor genes were inactivated in its pathogenesis Wistuba et al. [34]. These data were the first in its kind which provided global estimates of the extent of genetic changes leading to GBC and have potential for the identification of new tumor suppressor genes and multiple new markers for translational research. A Greek study also appeared in the same year which demonstrated that p53 alterations were more likely to take part in the de novo pathway of gallbladder carcinogenesis Saetta et al. [35].

			One of the most significant studies reporting other aberrated molecular lesions (besides p53 and K-ras) in GBC resulted from an collaborative effort between Chile and US based researchers where investigators Wistuba et al. [36] found out that the fragile histidine triad (FHIT) candidate tumor-suppressor gene located at 3p14.2, one of the putative tumor suppressor genes, was involved in the pathogenesis of this highly malignant neoplasm. Much later in 2009, another US based study demonstrated the loss of FHIT and Wwox (another fragile gene product) expression was part of an early event in the pathogenesis of GBC Bloomston et al. [37]. 

			Later in the same year, our own group (senior author of this chapter) based in Lucknow, India, analyzed LOH and MSI in FHIT gene and p53 expression in GBC, Chronic Cholecystitis (CC), Xanthogranulomatous Cholecystitis (XGC), and normal GB to elucidate the role of FHIT gene in GBC by using five microsatellite markers D3S1217, D3S1300, D3S1313, D3S1600, and D3S2757. We observed the frequency of MSI and LOH was 17.5% and 27.5% respectively among GBC cases and noted significant difference between GBC and normal GB (p =0.02), and GBC and CC groups (p= 0.002) when LOH was compared. Our results also suggested that CC might act as a preinvasive stage in the pathogenesis of GBC Priya et al. [38]. XGC, a chronic inflammatory disease of the gallbladder, a variant of the chronic cholecystitis, is believed to be a precursor state of GBC by some groups of gallbladder researchers. In a smaller but significant study, a group of Japanese researchers attempted to solve the puzzle of XGC at molecular level Takada et al. [39]. However, this analysis confirmed that while etiopathologic factors of XGC might have relation with cancer, but XGC itself may not be the direct cause for cancer Takada et al. [39]. 

			An Italian group studied the MSI status and p53 expression in a series of 71 GBC of different histologic type. All neoplasms were examined combining a microsatellite analysis at mononucleotide locus BAT-26 and an immunohistochemical study for hMSH2, hMLH1, and p53 proteins and markers of gastric and intestinal differentiation. They demonstrated that MSI does not play a role in the development of GBC while p53 seems to be the most important alteration found in a large proportion of these cancers, with the only exception of mucinous and squamous GBC Sessa et al. [40]. Same year, a small study conducted at John Hopkins Medical Institute, demonstrated that the acquisition of hypermethylation at multiple tumor-suppressor gene-promoter sites might contribute to tumor formation and progression within the chronically inflamed gallbladder. Since this study included a large cohorts of specimens obtained from two different populations, Chile and United States, they also observed the apparent differences in methylation patterns among the Chilean and US gallbladder cases and hypothesized that these differences may indicate a unique biology associated with this cancer in different parts of the world House et al. [41]. 

			In a subsequent Chilean study, mutations in the mitochondrial DNA (mtDNA) had also been observed in GBC, suggesting mtDNA mutations should be additionally investigated in GBC pathogenesis in patients from different geographical regions so as to be included in a panel of molecular biomarkers for GBC early detection strategy Tang et al. [42]. Same year, John Hopkins based investigators conducted a study which constituted the most comprehensive methylation profiling in GBC and demonstrates that this neoplasm had a distinct pattern of abnormal gene methylation. Whereas gallbladders from healthy individual were not available, their finding of methylation in CC cases without cancer suggested that this phenomenon represented an early event in the pathogenesis of GBC Takahashi et al. [43]. 

			The high frequency of gene methylation of the gene promoter area for the CDKN2A (p16), FHIT, APC, and CDH1 genes was again observed by a Chilean group which suggested that the inactivation of tumor suppressor genes and of the genes related to the control of cellular proliferation through this mechanism was involved in gallbladder carcinogenesis Roa et al. [44]. Another Chilean study confirmed that epigenetic inactivation by abnormal promoter methylation was a frequent event in chromosome 3p candidate tumor suppressor genes such as DUTT1 (3p12), FHIT (3p14.2), BLU, RASSF1A, SEMA3B and hMLH1 (3p21.3) in GBC pathogenesis, with more pronounced hypermethylation in genes two genes, SEMA3B (3p21.3) and FHIT (3p14.2) Riquelme et al. [45].

			By the mid 2000s, many reports were published regarding mutations in K-ras genes and/or overexpression of this oncogene in GBC, a small study from Greece also reported mutations in B-raf gene, an important component of Ras signaling pathway (RAS/RAF/MEK/ERK). They reported that almost one third of all studied patients with GBC had mutations in B-raf gene. It is important to note that Ras pathway is organized as a cascade in which RAF proteins are activated in a RAS-dependent manner. Considering it is known that the RAS signaling pathway can be activated by mutation at various levels including B-raf, it was an important finding re-emphasizing the role of Ras pathway even in those GBC cases where no mutation was detected in K-ras gene Saetta et al. [46]. Our own group also demonstrated a significant number of patients with GBC treated at a North India based hospital, had mutation in codon 12 of the K-ras oncogene Singh et al. [47].

			While this study was first of its kind from India using molecular methods to detect changes at molecular level in an oncogene, it also demonstrated that detection of such molecular aberration in an oncogene could be performed on as small amount of specimens as obtained from fine-needle aspirates, and it may also be useful as an adjunct to cytological examination in making definitve diagnosis in patients with other risk factors at least in a sub-set of patients harboring K-ras mutations as part of the early tumorigenesis of gallbladder. This study also suggested that chronic inflammation may play an etiologic role in gallbladder carcinogenesis Singh et al. [48]. However, with growing realization of cancer being a much more complex disease than it was thought earlier, cancer researchers working on GBC, initiated pathway/mechanism oriented studies. 

			One of such study conducted in Japan suggested that homozygous deletion, a combination of LOH and promoter hypermethylation, and multiple LOH are major mechanisms of p16 inactivation in GBC Tadokoro et al. [49]. Another such study to understand geographic differences in genetic changes involved in gallbladder carcinogenesis between two distinct high-incidence areas of Japan and Hungary, specimens obtained from two populations based in these two countries was conducted in a collaborative effort. This study demonstrated that the vast differences in genetic alterations between two populations with GBC such as high MSI was reported in majority of Japanese patients as opposed to only one patient from Hungary showed high-MSI. This clearly demonstrated that geographic variation could play significant role in the process of gallbladder carcinogenesis at mechanistic level Nagahashi et al. [50]. 

			In a US based study relying on an state-of-art technique, serial analysis of gene expression (SAGE) analysis, investigators generated SAGE libraries from three stage-matched GBC patients (representing Hispanic/Latino, Native American, and Caucasian ethnicities, respectively) and one histologically alithiasic gallbladder. Real-time quantitative PCR analysis was used on micro dissected epithelium from five matched GBC and corresponding nonneoplastic gallbladder mucosa and Immunohistochemical analysis was also performed on a panel of 182 archival GBC in high-throughput tissue microarray format to understand the complexity of the GBC. From a unbiased analysis of the GBC transcriptome by SAGE, this study identified connective tissue growth factor (CTGF) expression as a predictive biomarker of favorable prognosis in this malignancy. These SAGE libraries from GBC and nonneoplastic gallbladder mucosa are publicly available at the Cancer Genome Anatomy Project web site and should facilitate much needed research into this lethal neoplasm Alvarez et al. [51]. 

			In a small attempt to identify metastasis-associated proteins in GBC as advanced gallbladder cancer has an extremely poor prognosis because most of them are already metastasized by the time when they are diagnosed, a Chinese study demonstrated that overexpression of CLIC1 promoted cell motility and invasion of GBC-SD18L in vitro, while RNA interference of CLIC1 remarkably decreased cell motility and invasive potency of GBC-SD18H in vitro, indicating that chloride intracellular channel 1 (CLIC1) might play an important role in metastasis of GBC. This was a first study to identify a regulator of metastasis in GBC Wang et al. [52]. Another wide-genome analysis based study conducted at Memorial Sloan-Kettering Cancer Center, New York, US, revealed that short segments of chromosomes 1p, 3p, 6q, 8p, 9p, and 14q were commonly deleted regions and most commonly amplified regions included segments of 1q, 3q, 5p, 7p, 7q, 8q, and 20q in GBC Miller et al. [53]. 

			An interesting finding about GBC have been reported by an Indian group of investigators in which the genomic instability in the E-cadherin (CDH1) gene and correlated the findings with its protein expression in GBC and in other gall bladder diseases viz. chronic cholecystitis (CC), xantho-granulomatous cholecystitis (XGC), and normal gallbladder to explicate its role in GBC tumorigenesis. MSI and LOH in CDH1 were studied using D16S421, D16S496, D16S503, D16S512, D16S2624, and D16S3021 microsatellite markers and D2S123 (2p16), D2S382 (2q24), D6S292 (6q21-23), D7S480 (7q31), and D17S796 (17p13.1-3) were used to investigate genomic instability at 2p, 2q, 6q, 7q, and 17p loci in specimens obtained from GBC, CC, XGC, and normal gallbladder tissues. 

			IHC analyses were also carried out to analyze the E-cadherin and p53 protein expression. They observed a high LOH in CDH1 and other markers in GBC and XGC as compared to CC; however, it did not correlate with its protein expression in GBC cases. Loss of E-cadherin expression was high in GBC (67%), while majority of the CC (94%) and XGC (91%) cases retained positive E-cadherin expression. Overexpression of p53 was high in GBC (43%) whereas CC, XGC, normal GB cases were negative for p53 overexpression. None of the normal GB cases showed genomic instability at any of the markers. High LOH in CDH1 and other chromosomal loci in GBC suggested that the genomic instability followed a GBC>XGC>CC trend during the process of neoplastic transformation in GB, highlighting the fact that CC might act as a precursor lesion of GBC Priya et al. [54].

			Genetic Polymorphism and Risk of GBC

			In the early 2000s, published evidences were accumulating in support of the theory that the genetically determined risk factors might considerably contribute to the development of neoplastic diseases. It is believed that they may result, among others, from the differences in the metabolism of environmental carcinogens and mechanisms of DNA repair and the kind and rate of metabolism is genetically determined by polymorphic enzyme coding genes participating in the process of xenobiotic transformation. Genetic polymorphism has been confirmed for a number of enzymes involved in the reaction of oxidation or conjugation of exo- and endogenous xenobioties. 

			Gene variability may alter the expression or enzymatic activity of coded enzymes. First such study with relations to GBC was conducted in Japan in which authors investigated the relation between cytochrome P4501A1 (CYP1A1) gene polymorphisms and the risk of GBC. To clarify individual differences in susceptibility to gallbladder carcinogenesis, they examined the frequency and relationship between the CYP1A1 polymorphisms and the development of GBC. They demonstrated that females with genotypes C and/or Ile/Val in CYP1A1 gene might have a high genetic susceptibility to the development of gallbladder cancer Tsuchiya et al. [55]. Next was our own study that was performed on a large cohort of 153 patients with GBC from North India. 

			We reported that the frequency of the X- allele of apolipoprotein B (apoB), a gene which had previously been reported to be associated with altered serum lipids and susceptibility to cholesterol gallstones (GS), was significantly increased in GBC patients with or without GS (odds ratio=2.3 and 1.7, respectively), which suggested that the apoB-XbaI gene polymorphism confers susceptibility to carcinoma of the gallbladder under specific environmental conditions Singh et al. [48]. A collaborative study between Japanese and Hungarian groups much later confirmed that Val allele of cytochrome P4501A1 (CYP1A1) gene may contribute to the development of GBC in both Japanese and Hungarian women and provided a rationale for further studies of genetic variation on the risk of GBC in Hungary Kimura et al. [56]. 

			In 2006, a Chinese study investigated the potential risk associated with polymorphism in Cytochrome P450 17alpha-hydroxylases-C-(17,20)-lyase (CYP17), a key enzyme involved in the biosynthesis of sex hormones, in GBC. They found an association of the CYP17 MspA1 polymorphism with an increased risk of GBC, as well as biliary stones among overweight and diabetic individuals, which suggested interplay between genetic and hormonal risk factors in gallbladder disease Hou et al. [57]. Same year, a study conducted at our medical geneticist colleagues in India reported an association between glutathione S-transferase (GST) polymorphic variants (GSTT1, GSTM1, GSTP1, and GSTM3) with risk of gallbladder cancer. The GSTs are polymorphic supergene family of detoxification enzymes that are involved in the metabolism of numerous potential carcinogens. 

			Several allelic variants of polymorphic GSTs show impaired enzyme activity and are suspected to increase the susceptibility to various cancers. This was a first study showing val allele of GSTP1 to be associated with higher risk of gallbladder cancer in Indian population Pandey et al. [58]. Same group went on to publish another genetic risk factor associated GBC in 2007 by showing a polymorphic variant of N-acetyl transferase2 (NAT2) which is also known as slow acetylator phenotype influencing the susceptibility of GBC Pandey et al. [59]. Same year also appeared a study from China that demonstrated that human oxoguanine glycosylase 1 (hOGG1) Ser326Cys polymorphism is associated with gallbladder. hOGG1 gene encodes a DNA glycosylase that is involved in excision repair of 8-OH-dG (8-hydroxy-2-deoxyguanine) from oxidatively-damaged DNA cancer risk Jiao et al. [60]. To examine the relationship between genetic polymorphisms of cytochrome P450 1A1 (CYP1A1), glutathione S-transferase class mu (GSTM1), and tumour protein p53 (TP53) genes, and gallbladder cancer (GBC) risk, a case-control study conducted in Japan observed that Val allele of CYP1A1 Ile462Val polymorphism and the Pro allele of TP53 Arg72Pro polymorphism contributed to an increased risk of GBC among Japanese women and men, respectively Tsuchiya et al. [61]. 

			Past decade has seen a growing body of data to demonstrate an association between various polymorphic variants of many cancers associated genes with risk of GBC. Majority of these studies came from researchers based in North India, some of important ones are those that report strong association between genetic variant of Tumor Necrosis Factor alpha (TNFA) and Interleukin 6 (IL6) Vishnoi et al. [62], A-204C of cholesterol 7alpha-hydroxylase (CYP7A1) Srivastava et al. [63], Cholecystokinin receptor A gene polymorphism Srivastava et al. [64] Interleukin-1 gene polymorphism Vishnoi et al. [65], Single nucleotide polymorphism in the ABCG8 transporter gene Srivastava et al. [66], toll-like receptor gene polymorphisms Srivastava et al. [67], and Caspase-8 polymorphisms, a gene that regulates apoptosis in cancer cells Srivastava et al. [68]. However, it must be noted that in spite of huge amount of efforts involved in these studies to study genetic risk factors, it is still unclear that which genetic pathways are actually important in order to make a person susceptible living in a geographically prone area for GBC such as North India. 

			All these genes demonstrated above which have been shown to be associated with GBC as risk factor belong to different signaling pathways, which further complicates the issue of making a coherent picture of all these genetic susceptibility factors. Many more studies have been published in recent past from different parts of the world showing one or other type of polymorphic variants of different genes involves in metabolism, signal transduction, drug-metabolizing enzymes related pathways, however, most of them are actually adding more complexity to the existing mechanistic insights about GBC. 

			Targeted Therapy in GBC

			By mid 2000s, when increasing number of evidences were accumulating to demonstrate that overexpression of tyrosine kinase growth factor receptors such as ErbB-2, epidermal growth factor receptor (EGFR), and Met could play important roles in the development of many types of solid tumors, a group of investigators in Japan tested biliary tract carcinomas. With the aim of assessing the potential for novel chemotherapies targeting these receptors in GBC, these investigators examined the overexpression of the tyrosine kinase receptor proteins was examined by immunohistochemistry in tumor tissues obtained from 89 gallbladder cancers. Positively stained tumours were further examined for gene amplification by fluorescence in situ hybridization. 

			Over expression of ErbB-2 and EGFR was found in 15.7% and 8.1% respectively in gall bladder cancers gene amplification was present in 79% of these cancers. This study suggested the new adjuvant chemotherapies could be used in GBC in which ErbB-2 and EGFR are over expressed Nakazawa et al. [69]. Later a small Italian study also observed that a subgroup of patients with gallbladder carcinoma exhibited somatic mutations of EGFR in the tyrosine kinase domain that can elicit cell signals sustaining survival and proliferation. These group of investigators suggested that tumors might be further evaluated for their susceptibility to small-molecule inhibitor of RGFR for treatment Leone et al. [70]. Same year, a Chinese study reported that p53-VEGF (a marker for angiogenesis) pathway can regulate tumor angiogenesis in human gallbladder carcinoma. Combined analysis of p53 and VEGF expression might be useful for predicting the tumor vascularity of gallbladder cancer as well as it is indicative of targeting these tumors at advances stage with anti-VEGF inhibitors Tian et al. [71]. 

			In order to better understand the mechanisms of tumor development and progression and to improve the prognosis of GBC patients, an small Austrian study observed an increased expression in HER2/neu which was significantly correlated with advanced T stages (p = 0.02) Puhalla et al. [72]. Somatic mutations of the PIK3CA gene, which encodes the p110alpha catalytic subunit of phosphatidylinositol 3-kinase (PI3K), are frequent in various cancer types. The majority of mutations cluster at hotspots within exons 9 and 20, which encode the helical and kinase domains of p110alpha. A group based in Switzerland reported that somatic PIK3CA mutations contribute to the frequent activation of the PI3K/AKT pathway in a very small sub-set (4%) of carcinomas of the gallbladder Riener et al. [73]. 

			Realizing the lack of treatment options, besides surgical resection which also results in unfavorable prognosis for advanced GBC, a group of surgeons in Japan conducted a study to identify GBC-specific cellular targets that would form the basis for some therapeutic approaches for this disease. They identified a cell cycle-related gene, topoisomerase IIalpha (TOPO IIalpha) as one of the highly upregulated gene in GBC tissue which they further confirmed as a potential chemotherapeutic target, because those cells strongly positive for TOPO IIalpha had shown increased sensitivity against etoposide, as well as doxorubicin and idarubicin Washiro et al. [74]. In subsequent year, another Japanese group demonstrated genomic instability due to amplification in Myc oncogene which resulted in specific amplification of EGFR and/or ERBB2 in GBC Ooi et al. [75]. A recently published in-vitro study also gives encouraging results using ac combination of Histone deacetylase inhibitor (SAHA) and repression of EZH2 by siRNA treatment, suggested a possible mechanism by which GBC cells but not normal cells showed an increased sensitivity to SAHA and indicates the efficacy of this new anticancer agent Yamaguchi et al. [76]. 

			In a significant study to evaluate the response rate by Response Evaluation Criteria in Solid Tumors (RECIST) of targeted therapy in biliary cancers which included GBC, eligible patients (10 patients with GBC) were treated with bevacizumab (a VEGF inhibitor) and erlotinib (EGFR inhibitor) in combination with chemotherapy. Combination chemotherapy with bevacizumab and erlotinib showed clinical activity with infrequent grade 3 and 4 adverse effects in patients with advanced GBC. On the basis of preliminary molecular analysis, presence of a k-ras mutation may alter erlotinib efficacy. Though a small study in sample size (only 10 cases of GBC), results clearly warrant a larger study in future on a bigger cohort of GBC patients to investigate the efficacy of combination of bevacizumab and erlotinib as a potential therapeutic alternative in patients with advanced GBC Lubner et al. [77]. 

			In an independent but encouraging small case report, the idea of using EGFR-tyrosine kinase inhibitor (TKI) in combination with conventional chemotherapy was tested to treat gallbladder cancer in United States based hospital. A 67 year old man with metastatic gallbladder cancer involving the liver and abdominal lymph nodes was treated with gemcitabine (1000 mg/m2, a commonly used chemotherapeutic agent for the treatment of GBC) on day 1 and 8 every 21 days as well as daily erlotinib (100 mg). After four cycles of therapy, the CA 19-9 normalized and a PET/CT showed a complete remission; this response was maintained by the end of 12 cycles of therapy. Gemcitabine was then discontinued and single agent erlotinib was continued as maintenance therapy. 

			The disease remains in good control 18 months after initiation of therapy, including 6 months on maintenance erlotinib. The only grade 3 toxicity was a typical EGFR-related skin rash. Because of the remarkable response to erlotinib plus gemcitabine, investigator performed tumor genotyping of the EGFR gene for response predicting mutations in exons 18, 19 and 21, which disclosed the wild-type genotype with no mutations. This case report demonstrates a patient with stage IV gallbladder cancer who experienced a rarely encountered complete, prolonged response after treatment with an oral EGFR-TKI plus chemotherapy. It is noticeable that this response occurred in the absence of an EGFR gene mutation. These observations should again emphasize the need of more clinical trials using EGFR-TKIs to treat GBC; and such trials should not select patients based on EGFR mutation status Mody et al. [78].

			In an Italian study, investigators analyzed mutations, amplifications and over-expression of EGFR, HER2, and their molecular transducers in biliary tract cancers so that they could explore possibilities of combining standard therapies with or without molecular targeting. They found EGFR was expressed in 38.5% of patients with GBC. P-MAPK and p-Akt were also highly expressed in little less than 46% of GBC, indicating EGFR pathway activation. HER2 was overexpressed in 10% of GBCs with genomic amplification. They went on to conduct a preclinical in-vitro study using TGBC1-TKB, a GBC cell line (deleted on PTEN and negative for Her2 expression) for testing efficacy of drugs targeting these molecules, as single agents or in combination with gemcitabine. In this study, these investigators demonstrated that EGFR and HER2 pathways are suitable therapeutic targets for BTCs. The combination of gemcitabine with drugs targeting these pathways such as Gefitinib and Lapatinib (both of which are reversible selective inhibitors of the tyrosine kinase domain of EGFR) appeared to have encouraging results and thus warrants for further clinical studies for testing the expression levels and mutations in these signaling molecules in future clinical studies Pignochino et al. (2010).

			While developing strategies to target GBC molecularly, it is important to understand the subtle changes at molecular genetic level between GBC and other related cancers which are albeit histologically similar, still anatomically different in origin of the tumor, such as cholangiocarcinomas arising from within the liver parenchyma, peri-hilar, or distal biliary tree, collectively known as Bile Tract Cancers (BTC). Although these tumors share an anatomic origin in the biliary system, there are important differences in disease behavior, molecular profiles, and sensitivity to therapy. Historically, GBC tends to be sensitive initially to chemotherapy but have a shorter overall survival compared with cholangiocarcinoma Eckel & Schmid (2007). Traditionally, treatment for BTC has not taken into account the anatomic site of origin of the tumor or molecular profile and the mainstay of treatment is cytotoxic chemotherapy, but in the light of emerging molecular techniques especially availability of cost-effective next generation sequencing platforms, it will be worthwhile to have a detailed molecular genetic profiling of patients with GBC before considering a regimen of targeted therapy for GBC. 

			Increasingly, molecular tests to detect changes at genetic level are being applied regularly (in developed countries where advance health facilities are available to common people) to assist in making therapeutic decisions in cancer treatment. HER2/NEU gene amplification, EGFR, and KRAS mutation testing are all used routinely in clinics to determine whether or not an individual will benefit from a treatment with specific targeted anti-cancer therapies McDermott & Settleman (2009). Building on this paradigm, along with established molecularly targeted drugs, such as EGFR inhibitors, more emerging classes of drugs, such as BRAF inhibitors, are being tested at the earliest phases selectively in those patients who are believed to have the greatest potential for benefit based on their molecular genetic profiling Brower (2010). The fact that underlying tumor genetics may predict drug sensitivity- particularly in emerging classes of targeted anticancer agents, uncovering patterns of genetic changes within GBC becomes very critical in order to improve therapy as well as gaining insight into disease biology. In a very recent study conducted at Massachusetts General Hospital at Harvard Medical School in United States, almost 13% of patients with GBC were identified with activating mutations in PIK3CA Deshpande et al. (2011). The presence of activating mutations in PIK3CA specifically in GBC has clinical implications in both the diagnosis of this cancer type, as well as the potential utility of targeted therapies such as PI3 kinase inhibitors.

			Most recently, in a large whole-exome and targeted gene sequencing based study, first of its own kind, in gallbladder cancer patients in China, several recurrent mutations in erbB pathway were identified Li et al. [79]. In this study, most prominent genes with a significant frequency (false discovery rate (FDR)<0.05) of non-silent mutations included TP53 (47.1%), KRAS (7.8%) and ERBB3 (11.8%). Moreover, ErbB signaling (including EGFR, ERBB2, ERBB3, ERBB4 and their downstream genes) is the most extensively mutated pathway, affecting 36.8% of the GBC samples. This study also demonstrated that mutations in genes in the ErbB pathway were associated with poor prognosis in individuals with GBC suggesting that patients harboring mutations in the ErbB pathway might benefit from targeted therapies presently used in the clinic or in development Li et al. [79]. Role of ErbB pathway in GBC was further confirmed in few other independent studies from different cohorts of patients. In one of such study, retrospectively conducted in the patients with GBC in the United States, HER2/neu blockade was found to be a promising treatment strategy to treat GBC patients who have gene amplification Javle et al. [80]. In another significant study conducted in Japan, in a large cohort of biliary tract cancers, activation of EGFR family genes such as ERBB2 and ERBB3, and inactivation of PTEN and TSC1 was found to be frequent in GBC. This study also reported frequent alterations of the TP53 and RB cell cycle modules in GBC Nakamura et al. [81].

			Treatment options for patients with advanced un-resectable gallbladder cancer are limited owing to the lack of well-defined molecular targets. Complete surgical resection remains the only curative modality to treat patients with GBC, offering benefit only for patients with localized disease. In recent years, with identification of few molecular targets in GBC it is becoming apparent that development of effective therapies will be benefitted by focusing on the identification and targeting of genetic mutations specific to an individual patient. Further, using more sophisticated genomic tools on a larger cohorts of patients will not only help understand the pathobiology of this complex disease but also will be helpful in evaluating existing or novel therapeutic agents in clinical trials in the future.
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