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Hepatocellular carcinoma (HCC) is the most common primary liver malignancy. 

High-resolution copy number analysis of 125 tumors of which 24 were subjected 

to whole-exome sequencing identified 135 homozygous deletions and 994 somatic 

gene mutations with predicted functional consequences. We identified new 

recurrent alterations in 6 genes (ARID1A, RPS6KA3, NFE2L2, IRF2, CDH8 and 

PROKR2) not previously described in HCC. Functional analyses demonstrated 

tumor suppressor properties for IRF2 whose inactivation, exclusively found in 

hepatitis B virus related tumors, leads to impaired TP53 function. Alternatively, 

inactivation of proteins involved in chromatin remodeling was frequent and 

predominant in alcohol related tumors. Moreover, activation of the oxidative 

stress metabolism and inactivation of RPS6KA3 were new pathways associated 

with WNT/ß-catenin activation, thereby suggesting a cooperative effect in 

tumorigenesis. This study shows the dramatic somatic genetic diversity in HCC, it 

reveals interactions between oncogene and tumor suppressor gene mutations 

markedly related to specific risk factors.  Hepatocellular carcinoma is the 3rd cause of cancer-related mortality worldwide usually associated to specific risk factors: hepatitis B or C infection, high alcohol intake, hemochromatosis or nonalcoholic fatty liver disease (NAFLD) caused by obesity and insulin resistance1,2. More than 90% of HCC arise in the context of chronic hepatitis and cirrhosis and it becomes an increasing health problem. To increase our knowledge on the carcinogenesis mechanisms involved in HCC development, we analyzed the whole-exome sequence of 24 human tumors mainly related to high alcohol intake, the principal HCC risk factor in France (Supplementary Table 1). These samples were included in a larger series of 125 HCC tumors related to various risk factors to identify chromosome alterations and validate the recurrent mutated genes (Supplementary Table 1).  By exome-sequencing 24 HCC paired with their non-tumor liver tissues, we obtained a 73-fold mean sequence coverage of targeted exonic regions with 76% of loci covered at >25-fold (Supplementary Fig. 1). To search for somatic mutations, we identified nucleotide variants in all tumors without mutation in their corresponding non-tumor DNA by filtering the data according to an experimental flowchart applied to all the samples (Supplementary Fig. 2). Then, we selected the mutations to keep variants highly predicted to impair the function of the corresponding coded proteins. Finally, in the 24-
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paired HCC, we identified 994 mutations that were further verified using Sanger sequencing as somatic events altering 906 different genes (Supplementary Table 2). The number of somatic mutations with predicted functional consequences per tumor was highly variable, ranging from 5 to 121 events/sample (Fig. 1a). As usual in solid tumors3, most of the variants led to missense (74%) by far more represented than small insertion/deletion (14%) and nonsense and splicing site modifications (12%).  Analysis of the mutation spectrum could be indicative of specific mutagenesis mechanisms occurring in tumor cells. Interestingly, we found an over-representation of nucleotide transversion and particularly of G:C>T:A changes (Fig. 1b). This spectrum of mutations strongly differs from that usually observed in other solid tumors where C:G>T:A transitions are the most abundant3. Moreover, in HCC, G>T transversions were significantly enriched in the non-transcribed DNA strand (Fig. 1c), which is less efficiently repaired after genotoxic injury4,5. Then, we searched for association with clinical features and we found that G:C>T:A changes were significantly most frequent in HCC developed on non-cirrhotic livers (P=0.01) and in well-differentiated tumors (P=0.01). These results strongly suggest that exposure to genotoxic agents could contribute to hepatocarcinogenesis independently of the cirrhotic ground. The best characterized genotoxic inducer involved in HCC is exposure to Aflatoxin B1 in combination with HBV infection in sub-tropical areas associated with G>T transversion at codon 249 on TP536,7. However, in the present series of patients living in France, the causative genotoxic agent remains to be determined by epidemiological/toxicological studies focusing on non-cirrhotic HCC patients. Next, SNP array analysis of 125 HCC revealed frequent chromosome gains (1q, 5, 6p, 7, 8q, 17q and 20) and losses (1p, 4q, 6q, 8p, 13q, 16, 17p and 21) as usually described in HCC8 (Supplementary Fig. 3a). Hyperploid DNA content (ploidy ≥ 3) was found in 20% of the cases and it was associated with poor tumor differentiation (Edmondson III-IV, P=0.03). We also evaluated the level of chromosomal instability in each tumor by calculating the "Fraction of Aberrant Arms" (FAA, i.e. the proportion of chromosome arms altered on more than 40% of their length). Highly rearranged copy-number profiles were associated with clinical and pathological features of aggressive tumors: HCC developed in non-cirrhotic liver (P=0.04), with HBV infection (P=0.01), large size (0.004), poorly differentiated (Edmondson III-IV, P=0.04) and with high serum alpha-
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fetoprotein (P=0.03). Focal chromosome amplifications (size < 0.3 Mb and copy number > ploidy+2) were identified in 32% of the tumors. We observed only one region, at 11q13.3, amplified in 2 cases (Supplementary Table 3); this region included CCND1 and 
FGF19, two genes previously found amplified in HCC9. Homozygous deletions were more frequent (40% of the tumors), usually focal (mean size = 0.2 Mb) and significantly associated with aggressiveness of the tumors and with poor survival (Supplementary Fig. 3b and Supplementary Table 4). A total of 12 regions were recurrently altered by homozygous deletion, the most frequent were located at the CDKN2A/B (6.4%), AXIN1 (3.2%) and IRF2 (3.2%) loci (Supplementary Fig. 4). To draw a more comprehensive picture of the HCC-altered gene landscape, we further screened for the mutations present in 13 genes expressed in liver tissues and modified by homozygous deletion and/or mutation in at least 3 different tumors (Supplementary Table 2 and Fig. 2). We also screened 3 other genes well known as recurrently altered in hepatocellular adenoma (IL6ST10, HNF1A11) or in rare cases of HCC (KRAS12). Screening 125 HCC revealed four genes (CTNNB1, TP53, ARID1A and AXIN1) altered in more than 10% of the cases, whereas the others were less frequently mutated. We identified a total of 118 somatic point mutations in 125 tumors (Supplementary Table 5). The spectrum of mutations demonstrated a distribution similar to that observed in the exome-sequencing with an over-representation of G>T on the non-transcribed DNA strand (Fig. 1d). Thus, we confirmed a “genotoxic signature” in this entire series of HCC related to various etiologies. In the exome-sequencing and in the tumor validation set, the WNT/ß-catenin pathway was the most frequently altered by either activating mutation of ß-catenin (32.8%), inactivation of AXIN1 (15.2%) or APC (1.6%) (Fig. 3a). CTNNB1, AXIN1 and APC gene alterations were mutually exclusive (only one HCC was mutated for both CTNNB1 and 
AXIN1). Their mutation spectra were classical excepted for 4 rare CTNNB1 mutations identified in exon 6 to 8 (Fig. 3b and Supplementary Table 5). CTNNB1 mutations define a homogenous sub-type of HCC not related to HBV infection (P=0.001) and with a specific transcriptomic signature (G5-6 subclasses as defined in Boyault et al13, P<10-9 Fig. 2). In contrast, AXIN1 and APC mutations occurred in HCC related to various etiologies including HBV infection. In exome-sequencing, unique mutations of FZR1, 
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CSNK1E and CDC16 genes related to the ß-catenin pathway were also identified but not further evaluated. 
TP53, was identified as the second pathway the most frequently altered in HCC. This manifested by TP53 inactivating mutations (20.8%) and CDKN2A homozygous deletion or mutations (8%) (Fig. 3a). TP53 alterations were usually exclusive from CTNNB1 mutations (P=0.0001), but not from AXIN1 and APC. In accordance with the well-known function of TP53 in the maintenance of chromosome stability, TP53 mutations were more frequent in HCC displaying a high number of chromosome rearrangements (P=0.003). IRF2 (interferon regulatory factor 2) inactivation was also identified in 6/125 HCC (4.8%), due to homozygous deletion, splicing site or missense mutations (Supplementary Table 5 and Supplementary Fig. 4). IRF2, a partner of the TP53 inhibitor MDM2, acts as a transcriptional regulator through its DNA-binding activity and through protein-protein interactions14. It has been reported to play a major role in cell growth regulation and immune response. Interestingly both splicing and missense mutant altered the K137 residue that is known to be SUMOylated in IRF2, thereby affecting its transcriptional activity15. All 6 tumors showed a biallelic alteration of IRF2 and were associated with HBV infection (P=0.0003). IRF2 mutations were also associated with hyperploidy and high chromosome instability (P=0.01). We searched for a putative tumor suppressor function of IRF2 in hepatocellular cell lines. Accordingly, we showed that siRNA-mediated silencing of IRF2 in 2 different cell lines (HepaRG and HepG2, wild type for TP53) significantly increased cell proliferation whereas IRF2 over-expression was responsible for dramatic apoptotic cell death (Fig. 4a-c and Supplementary Fig. 5a-c). In vivo, stable IRF2 extinction by shRNA in HepaRG HCC cell lines resulted in increased tumor growth using sub-cutaneous xenograft in CD1 nude mice (Fig. 4d and supplementary Fig. 5d). Looking for association in gene mutations, we showed that IRF2 and TP53 mutations were mutually exclusive, whereas tumors mutated for either IRF2 or TP53 mainly belonged to the same transcriptomic subclass G213. Because IRF2 is known to bind MDM216, we hypothesized that the lack of IRF2 could impair P53 function. Accordingly, we showed that IRF2 silencing decreased P53 protein levels and P53 target genes expression in HepaRG (Fig. 4e). Moreover, a strong correlation between IRF2 and P53 protein expression levels was observed. Thus, our study demonstrated for the first time the role of IRF2 as a tumor suppressor in HBV-associated HCC and its function as a regulator of the P53 pathway. 
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Genes belonging to chromatin remodeling complexes were the third most frequently altered class in the exome screening and we validated ARID1A and ARID2 mutations in 16.8% and 5.6% of the cases in the tumor validation set, respectively. ARID1A and ARID2 are part of the SWI/SNF-related chromatin-remodeling complex that controls accessibility of the promoter regions by the transcriptional machinery and demonstrates tumor suppressor functions17,18. ARID1A belongs to the BAF complex and was recently identified inactivated in several tumors types including gastric, ovarian and bladder carcinoma but its involvement in HCC has not been reported yet19-22. Here, we identified a spectrum of mutations predicted to inactivate ARID1A function similar to that observed in other tumor types (Fig. 3b). ARID1A mutations were significantly more frequent in HCC related to alcohol intake (P=0.002) and showed a significant association with CTNNB1 mutations (P=0.05). In contrast, mutations in ARID2, that belongs to the PBAF complex, were less frequent but exclusive from ARID1A mutations. Overall ARID2 mutation frequency was similar to that previously observed in HCC23 but we did not observe a significant relationship with HCV infection or any other risk factors. In the exome sequencing, we identified some mutations in additional genes participating to the chromatin remodeling (i.e. PBRM1, SMARCA1, SMARCA2, SMARCA4, SMARCAB1 and 
SMARCD1) (Fig. 3a). However, most of these mutations were not recurrent and were not exclusive from ARID1A and ARID2 alterations. The precise mutation frequency of the six genes mentioned above remains to be evaluated in a large series of HCC, but overall, more than 24.8% of HCC exhibited a mutation in at least one gene related to chromatin remodeling, thereby indicating that this pathway might be a major contributor to hepatocyte tumorigenesis.  Among the genes less frequently mutated in HCC, we identified for the first time in solid tumors, recurrent mutations in RPS6KA3 (9.6%), a gene located on chromosome X that encodes the ribosomal S6 protein kinase 2 (RSK2). RSK2 is a serine/threonine kinase of the RAS/MAPK signaling pathway directly phosphorylated and activated by ERK1/2. RSK2 exerts a feedback inhibition on the ERK1/2 pathway by phosphorylating and inhibiting SOS24,25. Half of RPS6KA3 mutations lead to premature stop codons or altered splicing sites, whereas 4 out of 7 missense mutations were located close to S227 and T557 phosphorylation sites required for RSK2 activation (Fig. 3b). Thus, RPS6KA3 somatic mutations were predicted to inactivate RSK2 function. Other components of the RAS/MAPK and PIK3 pathways were rarely mutated (Fig. 3a). Interestingly, in 11 cases 
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out of 12, RPS6KA3 mutations were found in HCC developed without cirrhosis (P=0.05) and RPS6KA3 was frequently associated with AXIN1 mutations (P=0.02) suggesting cooperation between RPS6KA3 inactivation and WNT/ß-catenin activation in tumorigenesis.  
NFE2L2 coding for NRF2 a transcription factor crucial for cellular redox homeostasis, was mutated in 6.4% of HCC (Fig. 3a). All the mutations were located within the DLG and ETGE motifs, hotspots of somatic mutations previously identified in lung, esophageal, laryngeal and skin squamous cell carcinomas26-28 (Fig. 3b). These mutations are known to inhibit KEAP1-mediated degradation of NRF2. Interestingly, 6 out of 8 NFE2L2 mutated HCC were also mutated for CTNNB1 (P=0.015) and another case was mutated for AXIN1. Moreover, an additional tumor demonstrating a KEAP1 inactivating mutation was also mutated for CTNNB1. Hence, these results identified for the first time in HCC the role of alteration in the oxidative stress pathway mainly in WNT/ß-catenin activated tumors. Finally, other genes such as CDH8 and PROKR2 were rarely mutated in 2.4% and 1.6% of HCC, respectively. In conclusion, we identified new oncogenes and tumor suppressor genes recurrently altered in HCC enlightening the major role of the SNF/SWI chromatin remodeling complexes and the new involvement of the interferon and the oxidative stress pathways in hepatocellular malignant proliferation and transformation.  
Methods summary All tumors and corresponding non-tumor liver tissues were frozen after surgical resection. These tumors were clinically and genetically characterized; they were previously included in genetic and phenotypic studies13. The study was approved by the local Ethics Committee (Paris Saint-Louis), informed consent was obtained in accordance with French legislation and the exome-sequencing project was approved by the national INSERM IRB committee in 2010. Exome-DNA sequencing was performed as described in the supplementary method. All mutations were validated by sequencing independent PCR product on both strands. In all cases the somatic origin of the mutation found in tumor was verified by sequencing the corresponding adjacent, normal liver sample. HepaRG cells were kindly provided by Fabien Zoulim (Centre de recherche en cancérologie de Lyon (CRCL) INSERM U-1052/CNRS UMR 5286), HuH7 were purchased 
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from ATCC. In cell experiments, quantitative RT-PCR and proliferation assays were performed in triplicate in at least 2 different cell lines and with two different siRNAs.  
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Figure 1: Comparison of mutation profiles in HCC. a, Number of gene mutations in each HCC. b, Frequency of indels and nucleotide substitutions in each HCC. c-d, Fraction of nucleotide substitutions on the transcribed (blue) and the non transcribed (red) strand from the list of somatic mutations identified the exome sequencing of 24 HCC (means with 95% IC, c) and the complete list of gene mutations found in a series of validation of 125 HCC (absolute number of variants per HCC is indicated, d). P-values refer to significant (P=0.0003 and 0.002) elevation in G-to-T transversion on the non-transcribed strand and T-to-C transition on the transcribed strand, respectively.  
 

Figure 2: Overview of mutations and major associated clinical features. The heatmap displays genes (row) and tumors (columns) with or without mutations (dark blue) or homozygous deletion (clear blue). The total number of cases (resp. genes) in which each gene (resp. case) contained a mutation is shown. The number of events is indicated. Potential occurrence with major clinical and pathological features and whole-exome sequenced cases are pointed (dark red). 
Figure 3: Altered pathways and somatic mutation spectra in 125 HCC. a, Major pathways commonly altered by somatic mutations or homozygous gene deletions. Alteration frequencies are expressed as a percentage mutation and/or homozygous deletion in the validation series of 125 (red or blue when activated or inactivated, respectively) or 24 exome-sequenced (grey) HCC; for unique gene mutation, no frequency is indicated. Arrows are positive interactions and lines are inhibitory interactions. b, Spectrum of somatic mutations identified in HCC. Inactivating and activating mutations are shown above and below the core protein, respectively. Functional domains are colored boxes. ANK: Ankyrin repeat, ARM: Armadillo repeat, 

βCatB: βCatenin binding Domain, CDH: Cadherin Domain, Cyt: Cytosolic Domain, DBD: DNA Binding domain, Dim: Dimerization Domain, GSK3B: GSK3 Binding Domain, GTPB: GTP binding Domain, IL6BD: IL6 Binding Domain, K: Kinase domain, LID: Lipid interaction domain, Neh: Nrf2-ECH Homology Domain, NES: Nuclear Export Signal, NLS: Nuclear Localization Signal, NTD: Negative Transactivation Domain, P53B: P53 Binding Domain, P85B: P85 Binding Domain, PP2AB: PP2A Binding Domain, RasB: Ras Binding Domain, RGS: regulator of G-protein signalling, TD: Transactivation domain, TM: Transmembrane domain, UbD: Ubiquitinylated domain. 
Figure 4: IRF2 is a new tumor suppressor gene in HCC that controls the P53 pathway. a, Effect of in vitro IRF2 silencing in HepaRG cell line: increased cell proliferation with IRF2 siRNA (siIRF2) when compared to control siRNA (siControl) in triplicate with regression analysis. Relative mRNA and protein expression were quantified by qRT-PCR and Western blot, respectively (n=3; mean ± SD). b, IRF2 overexpression in HepaRG cell line (pIRF2) induced dramatic cell death when compared to HepaRG transfected with an empty plasmid (pControl) in triplicate with regression analysis. Relative mRNA and protein expression (n=3; mean ± SD). c, Increased apoptosis in HepaRG cells overexpressing IRF2 compared to pControl: flow cytometry analysis shows a higher percentage of AnV+, IP+ cells with pIRF2 (n=3; mean ± SD). d. Stable IRF2 silencing by shRNAs (shIRF2(1) and shIRF2(2)) in HepaRG cell line enhanced tumor growth in a subcutaneous xenograft mouse model (n=5; mean tumor volume ± SD). Immunohistochemical analysis of IRF2 in xenograft tumor with shControl and shIRF2 HepaRG cell confirmed IRF2 silencing. e, Western-blot analysis comparing P53 (53 kDa), IRF2 (39 kDa) and βActin (42 kDa) expression levels between HepaRG cells transfected with siControl and siIRF2 (siIRF2(1) and siIRF2(2)) after 48h, 72h and 96h 



Guichard et al 11

transfection. Western-blot analysis shows reduced expression of P53 following IRF2 silencing. Strong positive correlation between P53 and IRF2 expression levels was observed (linear regression analysis, Pearson correlation). f, P53 pathway target genes expression in HepaRG cells with silenced (blue) or enhanced (red) IRF2 expression, qRT-PCR data were normalised to the mean expression with siControl or pControl indicated by a line, respectively (n=3; mean ± SD). 
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AXIN1 19 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMHDNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMMMNMHDMMNMNMNMNMNMHDHDMMMMMMMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

RPS6KA3 12 NMNMNMNMNMNMNMNMNMNMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMMMNMNMNMNMNMNMNMMMNMNMNMNMNMNMNMMMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
CDKN2A 9 NMNMNMNMNMNMNMNMNMHDNMNMNMNMHDNMNMNMNMNMNMNMNMNMNMNMNMNMHDMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMHDHDNMNMHDNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMHDHDNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
NFE2L2 7 MNMNMNMNMNMNMNMNMNMNMNMMMMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

ARID2 7 NMNMNMNMNMNMNMNMNMNMNMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMHDNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
IRF2 6 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMHDHDNMNMNMNMNMNMNMNMHDNMNMNMNMNMHDMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

HNF1A 5 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
CDH8 3 NMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

APC 2 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
IL6ST 2 NMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

PIK3CA 2 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM
KRAS 2 NMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

PROKR2 2 NMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNMNM

Cirrhosis non-‐cirrcirrcirrcirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrcirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrcirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrcirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrcirrnon-‐cirrnon-‐cirrcirrcirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrnon-‐cirrnon-‐cirrnon-‐cirrnon-‐cirrcirrcirrcirrcirrcirrcirrcirrcirrcirrcirrcirrcirrnon-‐cirrcirrcirrcirrcirrnon-‐cirr
Alcohol OUIOUIOUIOUIOUIOUIOUINONNONOUINONNONNONOUIOUINONNONOUIOUIOUIOUINONNONNONOUIOUIOUIOUINONNONNONNONNONNONNONNONNONNONNONNONNONOUINONNONNONNONNONOUIOUIOUIOUINONNONNONNONOUINONNONNONNONNONOUINONNONOUINONOUIOUINONOUIOUINONNONNONNONNONNONNONOUINONOUINONNONNONNONNONOUINONNONNONNONNONNONNONNONNONNONNONNONNONNONNONOUIOUIOUIOUIOUIOUIOUIOUIOUIOUINONNONNONNONNONNONNONNONNONNONNONNONNON

HBV NONNONNONNONNONNONNONNONOUINONNONNONNONNONNONNONNONNONNONNONNONNONNONNONOUINONNONNONNONNONNONNONNONNONNONNONOUINONNONOUINONNONOUINONNONNONOUINONNONNONNONNONOUIOUIOUIOUIOUIOUIOUINONNONNONOUINONNONNONNONNONOUINONNONOUINONOUIOUIOUIOUINONNONNONNONOUINONOUINONNONNONNONNONOUIOUINONNONOUIOUINONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONOUIOUIOUIOUIOUIOUIOUIOUIOUINONNONNONNONNON
HCV NONOUINONNONNONNONNONNONNONNONNONNONNONNONNONOUINONNONNONNONNONOUIOUIOUINONNONNONNONNONNONNONNONOUINONNONNONOUINONNONNONOUIOUINONNONNONOUINONNONNONNONOUIOUIOUINONNONNONNONNONOUINONOUIOUINONNONNONNONNONNONNONOUINONNONNONNONNONNONNONNONOUINONNONOUIOUINONNONOUINONNONOUINONNONNON NONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONNONOUIOUI

Poor differentiation III-‐IVIII-‐IVIII-‐IVIII-‐IVI-‐III-‐III-‐III-‐III-‐III-‐III-‐IIIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVI-‐III-‐III-‐III-‐III-‐II	   III-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVI-‐IIIII-‐IVI-‐III-‐III-‐III-‐III-‐III-‐III-‐III-‐III-‐IIIII-‐IVI-‐IIIII-‐IVIII-‐IVI-‐III-‐II	   III-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVI-‐III-‐III-‐III-‐III-‐III-‐III-‐III-‐IIIII-‐IVI-‐IIIII-‐IVIII-‐IVIII-‐IVI-‐II	   I-‐IIIII-‐IVI-‐II	   III-‐IVI-‐IIIII-‐IVIII-‐IVI-‐III-‐III-‐III-‐III-‐IIIII-‐IVI-‐IIIII-‐IVIII-‐IVIII-‐IVI-‐III-‐II	   I-‐III-‐II	   III-‐IVI-‐III-‐IIIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVI-‐III-‐IIIII-‐IVIII-‐IVIII-‐IVI-‐III-‐III-‐III-‐III-‐III-‐IIIII-‐IVIII-‐IV	   III-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IVIII-‐IV
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