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            Abstract
Diffuse-type gastric carcinoma (DGC) is characterized by a highly malignant phenotype with prominent infiltration and stromal induction. We performed whole-exome sequencing on 30 DGC cases and found recurrent RHOA nonsynonymous mutations. With validation sequencing of an additional 57 cases, RHOA mutation was observed in 25.3% (22/87) of DGCs, with mutational hotspots affecting the Tyr42, Arg5 and Gly17 residues in RHOA protein. These positions are highly conserved among RHO family members, and Tyr42 and Arg5 are located outside the guanine nucleotideâ€“binding pocket. Several lines of functional evidence indicated that mutant RHOA works in a gain-of-function manner. Comparison of mutational profiles for the major gastric cancer subtypes showed that RHOA mutations occur specifically in DGCs, the majority of which were histopathologically characterized by the presence of poorly differentiated adenocarcinomas together with more differentiated components in the gastric mucosa. Our findings identify a potential therapeutic target for this poor-prognosis subtype of gastric cancer with no available molecularly targeted drugs.
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                    Figure 1: Landscape of genetic changes in two major subtypes of gastric cancer.[image: ]


Figure 2: Distribution of RHOA alterations in DGC.[image: ]


Figure 3: Functional assays for mutant RHOA proteins.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Tumor sample profiles for our exome sequencing analysis for 30 DGCs.
(a) Number of somatic mutations/indels and estimated tumor content ratio in each sample. N/A, less than 0.2 and could not be reliably calculated (see Online Method for details). (b) Number of somatic mutations/indels previously reported by Wang et al.9. MSI, microsatellite instable; MSS, microsatellite stable.


Supplementary Figure 2 Validation of discovered mutant alleles of variable frequency by other technologies.
(a) Concordance of RHOA mutant allele frequencies between Illumina exome, amplicon deep sequencing and digital PCR technologies. Mutations were detected in the discovery set by exome sequencing. Digital PCR was performed to validate RHOA mutations affecting the hotspots Y42 and R5. In the non-tumor sample GC_332, very low frequency for the mutated allele was observed by exome sequencing and TSCA. This may be due to a small number of tumor cells infiltrating into an apparently normal tissue area, as is often seen in DGC. ND, not detected. (b) Representative Sanger sequencing of samples with high and low mutant allele frequency. All of the cases with mutant allele frequency of >0.06 in TSCA data were also validated by Sanger sequencing. (c) Scatter plot of RHOA mutant allele frequencies from exome sequencing (x axis) and targeted amplicon deep sequencing (y axis). On this plot, there are seven mutants detected using defined criteria by both exome sequencing and TSCA and three mutants identified by TSCA only because of low allele frequency or low read depth at the positions in exome sequencing. (d) Sanger sequencing and targeted amplicon deep sequencing to validate the somatic nature of the mutations in all of the cases with G17V and R5Q, which are also present in the dbSNP database (rs11552761 and rs11552758).


Supplementary Figure 3 Mutational signatures of DGC.
(a) Mutational signature of each DGC sample in our exome sequencing. (b) Mutational signatures of IGCs in the previous report9. MSI and MSS are displayed separately. In both panels, each signature is displayed according to the 96-substitution classification defined by substitution patterns and sequence context. The probability bars for six types of substitutions are displayed in different colors. Samples were included in this analysis if more than 25 substitutions were detected among all in-target silent and non-silent somatic mutations that passed the quality filters. Red arrows represent GTG>GGG substitutions, and blue arrows represent CTT>CGT substitutions. *, pfg011T was classified as intestinal type according to Lauren's classification, but was histologically a poorly differentiated adenocarcinoma.


Supplementary Figure 4 Deregulated pathways in DGS and IGC suggested from this study.
Mutation frequencies in DGC and IGC are shown in red and black, respectively. RHOA and CDH1, which are specifically mutated in DGC, are shown with red circles. NM, nuclear membrane; PM, plasma membrane.


Supplementary Figure 5 Representative histology of DGSs with RHOA mutation.
(aâ€“c) Histologic pictures of a representative case of DGC with RHOA mutation (GC_315). A low-power view (a) is shown together with higher-magnification views of the mucosal tubular component (b, upper square frame in a) and the deeper invasive poorly cohesive component (c, lower square frame in a). (dâ€“g) Microscope-based dissection procedure. The intramucosal area (above the dotted line in d) and the deeper invasive area (below the dotted line in f) were dissected and analyzed for RHOA mutation separately. Slides were stained with hematoxylin and eosin after dissection of the mucosal area (e) and the deeper invasive area (g).
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