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Background

One of the most common nasal external sites in extranodal Natural Killer/T-cell lymphoma (NKTCL) is in the gastrointestinal (GI) system. Despite this, reports on gastrointestinal-Natural Killer/T-cell lymphoma (GI-NKTCL) are very few. To obtain a better understanding of this manifestation of NKTCL, we conducted a retrospective study on GI-NKTCL to analyze its clinical features, genomic changes and immune infiltration.



Methods

We retrospectively collected patients diagnosed with GI-NKTCL in the Sixth Affiliated Hospital of Sun Yat-sen University from 2010 to 2020. From this cohort we obtained mutation data via whole exome sequencing.



Results

Genomic analysis from 15 patients with GI-NKTCL showed that the most common driving mutations were ARID1B(14%, 2/15), ERBB3(14%, 2/15), POT1(14%, 2/15), and TP53(14%, 2/15). In addition, we found the most common gene mutation in patients with GI-NKTCL to be RETSAT(29%, 4/15) and SNRNP70(21%, 3/15), and the most common hallmark pathway mutations to be G2M checkpoint pathway (10/15, 66.7%), E2F targets (8/15, 53.3%), estrogen response late (7/15, 46.7%), estrogen response early (7/15, 46.7%), apoptosis (7/15, 46.7%) and TNFA signaling via NFKB (7/15, 46.7%). In the ICIs-Miao cohort, SNRNP7-wild-type (WT) melanoma patients had significantly prolonged overall survival (OS) time compared with SNRNP7 mutant type (MT) melanoma patients. In the TCGA-UCEC cohort, the patients with RETSAT-MT or SNRNP7-MT had significantly increased expression of immune checkpoint molecules and upregulation of inflammatory immune cells.



Conclusions

In this study, we explored GI-NKTCL by means of genomic analysis, and identified the most common mutant genes (RETSAT and SNRNP70), pathway mutations (G2M checkpoint and E2F targets) in GI-NKTCL patients. Also, we explored the association between the common mutant genes and immune infiltration. Our aim is that our exploration of these genomic changes will aid in the discovery of new biomarkers and therapeutic targets for those with GI-NKTCL, and finally provide a theoretical basis for improving the treatment and prognosis of patients with GI-NKTCL.
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Introduction

Extranodal natural killer/T-cell lymphoma (ENKTCL) is a rare type of Non-Hodgkin’s Lymphoma (NHL) (1–3). It is characterized by extranodal involvement, with tumor cells predominantly from peripheral mature NK cells, and less from cytotoxic T cells. One site of extranodal involvement is the gastrointestinal system (GI-NKTCL); however, reports of patients with primary GI-NKTCL are rare (4, 5). Currently, the treatment of NKTCL is still based on radiotherapy, or a combination of radiotherapy and chemotherapy, and stage I/II NKTCL patients showed locoregional control rates of >90% and five-year overall survival (OS) rates of approximately 70–90% (6). Stage III/IV NKTCL patients were treated with combination chemotherapy that includes menadione enzymes (7–9). The SMILE protocol (dexamethasone, methotrexate, ifosfamide, l-asparaginase, and etoposide) can be the standard of care for stage III/IV NKTCL patients, with one-year OS rates of >50%.

Whole exome sequencing (WES), also known as targeted exon capture, is a new technology which explores disease-related genes by studying only the coding regions of the human genome (10–13). It is comparable to whole genome sequencing (WGS), which samples the entire human genome. WES, however, only samples 1%, while still allowing for analysis of single nucleotide variants (SNV), insertion-deletions (indel), and structural variations (SV) of pathogenic genes (14, 15). Applying this new generation sequencing technology to ENKTCL further confirmed the complexity of gene changes present, including the deletion of chromosome 6q, and PRDM1, ATG5, AIM1, FOXO3, HACE1 as common deletion segments on chromosome 6q (16). Additionally, tumor-related genes with known mutations include some tumor suppressor genes (such as TP53, DDX3X, and MGA), JAK/STAT pathway genes (such as JAK3, STAT3, and STAT5), and some epigenetic modified genes (such as KMT2D, BCOR, ARID1A, and EP300) (4, 17–20). The proteins encoded by these mutant genes show a loss of normal original functions, with some increase of invasive functions. Additionally, the tumor immune microenvironment (TIME) plays important role in the tumor development and progression. Although some genetic studies on ENKTCL have been conducted, genomic changes and immune infiltration in GI-NKTCL have not been fully explored due to the low number of reported cases.

In this study, we carried out WES on patients diagnosed with GI-NKTCL in China, explored the genomic-level changes of these patients, and analyzed the mutational profiles and common pathway mutation landscapes. Also, we analyzed the relationship between the top mutated genes and the prognosis of the immune checkpoint inhibitors (ICIs) treatment, and TIME. We hope that by deeply studying the molecular mechanism of the pathogenesis of GI-NKTCL, looking specifically for potential molecular targets and exploring new treatment methods, we can improve the prognosis of patients with GI-NKTCL.



Methods


Sample collection and raw data sequencing of NK/T cell lymphoma

We retrospectively collected 15 samples of NKTCL from patients diagnosed with GI-NKTCL at the Sixth Affiliated Hospital of Sun Yat-sen University from 2010 to 2020. The pathological diagnosis of GI-NKTCL was based on the revised European and American lymphoma (REAL) classification, and the classification standard of the World Health Organization (WHO). The study was approved by the Research Ethics Committee of the Sixth Affiliated Hospital of Sun Yat-sen University. The details of the raw data sequencing are listed in the Supplementary Methods. Additionally, we downloaded the WES data from the NKTCL cohort reported by Li et al. (21).



Pan-cancer datasets and ICIs datasets collection

Data sets for the following 33 cancer types were downloaded from The Cancer Genome Atlas (TCGA) database: adrenocortical carcinoma (ACC), bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), colorectal cancer (CRC), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), esophageal carcinoma (ESCA), glioblastoma multiforme (GBM), head and neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), acute myeloid leukemia (LAML), brain lower grade glioma (LGG), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), mesothelioma (MESO), non-small cell lung cancer (NSCLC), ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD), pheochromocytoma and paraganglioma (PCPG), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), sarcoma (SARC), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), testicular germ cell tumors (TGCT), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), uterine carcinosarcoma (UCS), and uveal melanoma (UVM) (22). Also, we downloaded a pan-cancer data set published by Zehir et al. from the cBioPortal web tool (https://www.cbioportal.org/) (23). We downloaded the ICIs-cohorts reported by the Miao et al. (24). and Allen et al. (25). to explore the association between the top mutated genes and ICIs-related prognosis.



Genome analysis

The somatic mutation data of our cohort was subjected to preprocessing and any synonymous mutations were deleted. Based on the non-synonymous mutation data, we identified the types and frequency of gene mutations in GI-NKTCL that had a mutation frequency greater than or equal to 2. In addition, we downloaded the Hallmark pathway gene set (h.all.v7.1.symbols.gmt) from the MsigDB database (http://www.gsea-msigdb.org/gsea/downloads.jsp) and used this to count the number of gene mutations in different Hallmark pathways in each patient. We calculated the number of gene mutations in different Hallmark pathways for each cancer type in both the TCGA-Pancancer and Zehir-Pancancer cohort and, using the MutationMapper function in the cBioPortal web tool (https://www.cbioportal.org/mutation_mapper), visualized the mutation sites of the two genes with the highest frequency of mutation in GI-NKTCL. Additionally, we counted the proportion of six single base substitution types in our GI-NKTCL cohort.



Immune infiltration

The gene lists of the immune checkpoint molecules were downloaded from the previous study (25). The proportion of the immune cells was estimated by CIBERSORT (25).



Statistical analysis

Fisher’s exact test was used to analyze the mutual exclusion and co-occurrence of gene mutations. Heatmaps were visualized using the ComplexHeatmap (26) and pheatmap (27) R packages, and histograms were visualized using the ggplot2 (28) R package. The Maftools (29) R package was used for mutual exclusion and co-occurrence between gene mutations. All analyses in this study were carried out using R software (Version 3.8.1). A P value of less than 0.05 was regarded as statistically significant, and the P value was bilateral.




Results


Overview of the mutational spectrum and pattern of GI-NKTCL

In this study, we collected data from 12 male and 3 female patients with GI-NKTCL, with an average age of 49.6 years old (comparable to the general characteristics reported by ENKTL) (30). The basic clinical features of our cohort are shown in Table 1. Of the primary tumor sites, six cases were colonic (40.0%), four cases were ileocecal (26.7%), and five cases were small intestinal (33.3%). Five cases were treated with surgery (33.3%), and ten cases were treated with combined surgery and chemotherapy (66.7%). One patient survived (6.7%), and the remaining 11 patients died (93.3%). Supplementary Figure 1 shows the overall survival (OS) time of GI-NKTCL. Also, We calculated and counted the proportion of six single base substitution types for the SNV detection results of all samples, and found that C>T/G>A accounted for the most single base substitution types in each patient (Figure 1A), which was analogous to the somatic SNV spectrum in other cancers (including B-cell acute lymphoblastic leukemia and NKTCL) (31, 32). On the other hand, T>A/A>T had the least proportion of single base substitution types in each patient. Clustering the samples according to the distribution of mutation types resulted in the cluster heat map seen in Figure 1B, representing the mutation spectrum in the cohort. A variety of mutation processes, such as mismatching in the process of DNA replication, induction of endogenous or exogenous mutagens, and defects of DNA repair mechanism, were responsible for producing somatic mutations. These processes give rise to specific combinations of mutation types, which can be seen as mutation patterns. Point mutations can be divided into 96 types by considering the base types at the 1bp positions upstream and downstream of the point mutation site. The mutation pattern of the 96 mutation types in all samples is presented in Figure 1C. Based on cosine similarity, we clustered the mutation pattern with 30 known mutation features in the COSMIC website (https://cancer.sanger.ac.uk/signatures/signatures_v2/). We found the mutation pattern of GI-NKTCL was highly correlated with COSMIC signature 1 (cosine similarity score: 0.91) (Figure 1D). COSMIC signature 1 was the result of an endogenous mutational process initiated by spontaneous deamination of 5-methylcytosine and associated the age of cancer diagnosis (33).


Table 1 | Clinical features of GI-NKTCL cases (N = 15).






Figure 1 | A barplot (A) and heatmap (B) depicting the mutation spectrum of the GI-NKTCL cohort. (C) The mutation pattern of the GI-NKTCL cohort obtained via Nonnegative Matrix Factorization (NMF). (D) Heatmap showing the correlation between the COSMIC signatures.





Panoramic overview of mutations in GI-NKTCL

We analyzed and visualized the data of non-synonymous somatic mutations from patients diagnosed with GI-NKTCL. The genes with the highest mutation frequency in these patients were identified as RETSAT (29%, 4/15); SNRNP70 (21%, 3/15); and ADGRL3, AHNAK2, ARID1B, C8orf44, CAMSAP1, DNAH5, DNM3, DSCAML1, ERBB3, FLG, HELZ2, IDUA, LRRIQ1, MUC17, NOP9, NT5C1B, PDE3A, POT1, PTPN22, SLC35G5, SOX11, TNXB, TP53, UBE3C, and USP34 (each being 14%, 2/15) (Figure 2A). Additionally, the main type of gene mutation was found to be missense, followed by inframe ins/del, splice site, and finally frameshift mutation. Following this, we analyzed the mutual exclusion and co-occurrence of the gene mutations with the highest mutation frequency. As can be seen in Figure 2B: mutations in MUC17 gene and POT1 gene often occur together (P < 0.05); mutations in NT5C1B gene and NOP9 gene usually occur together (P < 0.05); and mutations in PTPN22 gene and ARID1B gene will occur at the same time (P < 0.05). The protein structural mutation points in the two genes with the highest mutation frequency (RETSAT and SNRNP70) in patients with GI-NKTCL were visualized in the form of lollipop plots. In the GI-NKTCL cohort, we found the protein mutation site of RETSAT to be mainly p.Ala533Val (Figure 3A), while in the TCGA-Pancancer cohort, it is mainly p.Arg125Leu/His (Figure 3B). In the GI-NKTCL cohort, we found the protein structural mutation site of SNRNP70 to be mainly p.Asp236_Arg237del (Figure 3C), and in TCGA-Pancancer cohort, it is mainly p.Arg155Gln/Pro, occurring predominantly in the RRM_1 domain (Figure 3D). The genes with the highest mutation frequencies in NKTCL (Li-cohort) are shown in Supplementary Figure 2. The genes with the highest mutation frequency in these patients were identified as FSIP2 (22%), GNAQ (22%), USP8 (22%), IGFN1 (19%), KMT2D (19%), LOC401052 (19%), MUC21 (19%) and TTN (19%) (Supplementary Figure 2).




Figure 2 | (A) The top 27 mutations of the GI-NKTCL cohort. The clinical feature of each patient is annotated in the top panel. (B) The co-occurrence and mutually exclusivity of the top 27 mutations (shown in Panel A).






Figure 3 | Lollipop plot illustrating RETSAT mutations in the GI-NKTCL (A) and TCGA-Pancancer (B) cohorts. Lollipop plot illustrating SNRNP70 mutations in the GI-NKTCL (C) and TCGA-Pancancer (D) cohorts.





Overview of abrupt change of Hallmark pathway signaling in GI-NKTCL

Hallmark pathways are landmark gene sets which can represent biological processes and states and may also play a vital role in tumor development. Therefore, we explored the mutations of each GI-NKTCL patient in a variety of hallmark pathways (Figure 4A). We found mutations in the G2M checkpoint pathway 66.7% of patients (10/15). The next most common mutated pathways were E2F targets (8/15, 53.3%), estrogen response late (7/15, 46.7%), estrogen response early (7/15, 46.7%), apoptosis (7/15, 46.7%), and TNFA signaling via NFKB (7/15, 46.7%). The mutation of various cancer types in different hallmark pathways in the TCGA-Pancancer and Zehir-Pancancer cohorts are shown in Figures 4B, C respectively. Found in all samples (41/41, 100%) were mutations in apoptosis, E2F targets, mitotic spindle, myogenesis, p53 pathway, PI3K-AKT-mTOR signaling, TGF beta signaling, UV response DN, UV response UP, and WNT beta catenin signaling.




Figure 4 | (A) The mutation counts of hallmark signaling pathways for each patient in the GI-NKTCL cohort. The mutation counts of hallmark signaling pathways for each cancer type in the TCGA-Pancancer (B) and Zehir-Pancancer (C) cohorts.





Association between most frequently mutated genes (RETSAT and SNRNP70) and immune infiltration

We explored the effect of the most frequently mutated genes (RETSAT and SNRNP70) on the prognosis of the two ICI-treated cohorts (Allen-Melanoma and Miao-Melanoma). We found that SNRNP70-MT melanoma had a significantly decreased OS time compared to SNRNP70-WT melanoma (Figure 5A). In the TCGA cohort, we found that RETSAT was the most frequently mutated gene in the UCEC (5.9%,31/525), DLBC (5.6%,2/36), CHOL (3.9%,2/51), STAD (3.7%,16/435), COAD (3.0%,12/395), and SKCM (3.0%,14/465) subtypes (Figure 5B). Figure 5C shows that SNRNP70 was the most frequently mutated gene in the UCEC (6.3%,33/525), ESCA (2.9%,5/173), CHOL (2.0%,1/51), COAD (1.5%,6/395), and READ (1.5%,2/134). In the TCGA-UCEC cohort, RETSAT-MT was associated with higher expression of immune checkpoint molecules (including PD-L1, HAVCR2, LAG3, CTLA4, TIGIT, PD-1, and PDCD1LG2; Figure 5D) and immune cell enrichment (including CD8+ T cells, activated memory CD4+ T cells, and M1-macrophages; Figure 5E). Similarly, we found that SNRNP70-MT cases in the TCGA-UCEC cohort had increased expression of immune checkpoint-related genes (Figure 5F). Compared with SNRNP70-WT, SNRNP70-MT UCEC patients had significant enrichment of CD8+ T cells, activated memory CD4+ T cells, follicular helper T cells, and M1-macrophages (Figure 5G).




Figure 5 | (A) The univariable cox regression model of the top mutated genes (RETSAT and SNRNP70) in the two ICIs-treated cohorts (Allen-Melanoma and Miao-Melanoma). (B) The mutation frequencies of the RETSAT in the 33 cancer types of TCGA database. (C) The mutation frequencies of the SNRNP70 in the 33 cancer types of TCGA database. (D) Heatmap depicted the logFC of the expression levels of the immune checkpoint molecules between the RETSAT-MT and RETSAT-WT among multiple cancer types (TCGA database). (E) Heatmap depicted the logFC of the immune cells scores estimated by the CIBERSORT method between the RETSAT-MT and RETSAT-WT among multiple cancer types (TCGA database). (F) Heatmap depicted the logFC of the expression levels of the immune checkpoint molecules between the SNRNP70-MT and SNRNP70-WT among multiple cancer types (TCGA database). (G) Heatmap depicted the logFC of the immune cells scores estimated by the CIBERSORT method between the SNRNP70-MT and SNRNP70-WT among multiple cancer types (TCGA database).






Discussion

The prevalence of ENKTCL is highest in Asian and Latin American countries. Primary GI-NKTCL is extremely rare (1–3), with a limited number of reported cases and very few studies specifically focused on this subtype of NKTCL (34–37). Due to the rarity of the disease, the clinical, genomic and immune characteristics have not yet been clarified. Thus, we carried out this study to explore the genomic changes, mutation panorama, and common pathway mutations present, utilizing WES data from 15 Chinese GI-NKTCL patients. We have provided a comprehensive description of the genomic features of GI-NKTCL through bioinformatics, such as gene mutation patterns (base pair alterations, COSMIC signature), high-frequency mutations, and common pathology-related pathways with high-frequency mutations. Additionally, we explored the relationship between the high-frequency mutations and ICIs-related prognosis, and immune infiltration (including immune checkpoint inhibitors and immune cells). The discovery of commonly mutated genes and signaling pathways can offer salient theoretical guidance for the prevention and treatment of future cancer patients (10, 38). We hope that by deeply studying the molecular mechanism of the pathogenesis of GI-NKTCL, looking for potential molecular targets and exploring new treatment methods, we can improve the prognosis of patients with GI-NKTCL.

Gene and pathway mutations may be related to the occurrence and development of GI-NKTCL, and as such, may also be indicative of potential targets for treatment. In this study, we found common driving mutations in the tumor suppressor gene TP53 (mainly in exons 5–8) (39), and oncogenes ARID1B, ERBB3, and POT1. TP53 acts as a tumor suppressor by inducing G1 cell cycle arrest in DNA damaged cells. Other functions of TP53 include the regulation of DNA repair, apoptosis, aging, and metabolism (4). In NKTCL, the mutation rate of TP53 is 20–60% (18), and is one of the potential reasons for the low survival rate of NKTCL patients (40). ErbB3 belongs to the ErbB family of receptor tyrosine kinases, and regulates the proliferation and survival of epithelial cells (41). It is highly expressed in common tumors such as breast cancer, melanoma, and pancreatic cancer (42–44), and when activated, can cause resistance to a range of anticancer drugs (45). One example is through the activation of PI3K/AKT and JAK/STAT signaling pathways, which has been shown to produce drug resistance in colon and non-small cell lung cancer patients (46–48). POT1 is an important gene that protects telomeres by inhibiting DNA damage and regulates telomere length via telomerase activity (49). Studies have shown that mutations in POT1 are often found in patients with B-cell lymphoma (50), and that POT1 gene mutation can lead to the occurrence of various tumors, such as lymphomas (51). Apart from these driving mutations, the gene with the highest mutation frequency in patients with GI-NKTCL was found to be the RETSAT gene(4/15, 29%). Research has indicated that this gene is important for promoting adipogenesis and normal adipocyte differentiation, and it follows that mutation of this gene may affect adipogenesis and differentiation of adipocytes (52). Many studies suggest that lipid metabolism plays a role in the occurrence and development of tumors, regulates cell proliferation (53) and invasion (54, 55), and influences the development of drug resistance (56, 57). Regarding pathway mutations in our study cohort, we found mutations in the G2M checkpoint pathway in 66.7% (10/15) of patients. The results from Song et al. are consistent with this, showing that the application of histone deacetylase (HDAC) inhibitor chidamide, and DNA damage agent etoposide to NKTCL cells not only played a synergistic role in anti-proliferation and enhanced apoptosis, but also made the cell cycle stop at the G2/M phase (58). Also of note, we found changes in TNFA signaling due to mutation in the NFKB pathway in 46.7% (7/15) of GI-NKTCL patients. This is consistent with the results of Zhong et al., who found that a relationship exists between an imbalance of TNFA receptor signal and the poor clinical characteristics of patients with diffuse large B-cell lymphoma (59).

There were some limitations in this study: 1) The number of GI-NKTCL samples included in this study was limited to 15 cases; and 2) No follow-up functional analysis of high-frequency gene mutations and signaling pathway mutations in GI-NKTCL was conducted in this study. 3) We were unable to validate the relationship between RETSAT and SNRNP70 and the prognosis of immunotherapy in patients in the GI-NKTCL cohort due to the lack of survival data for immunotherapy in the GI-NKTCL cohort. Furthermore, the relationship between RETSAT and SNRNP70 and the prognosis of immunotherapy in patients with different cancers may be different due to tumor heterogeneity among different cancer types. In the future, we hope to further validate this by collecting data from patients with multiple cancer types receiving immunotherapy.



Conclusions

In this study, we discovered the most common mutant genes and pathway mutations in a cohort of GI-NKTCL patients by analyzing genome level data obtained via WES. The most common mutated genes in GI-NKTCL patients are RETSAT and SNRNP70. Additionally, in G2M checkpoint and E2F targets are the most commonly mutated signaling pathways. In-depth exploration of the genomic changes of GI-NKTCL is helpful in understanding the pathogenesis of this disease, and we hope that the results of this study can be beneficial for providing a theoretical basis for finding new biomarkers and therapeutic targets.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Materials. Further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the Sixth Affiliated Hospital of Sun Yat-Sen University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

Conceptualization, YH and JX. Formal analysis, SL, TL, HL, and XZ. Visualization, SL, TL, HL, and XZ. Writing–original draft, TC, HY, WH, XL, and ML. Writing–review & editing, SL, TL, HL, XZ, TC, HY, WH, XL, ML, YH and JX. All authors read and approved the final manuscript.



Funding

This work was supported by Guangzhou General Planned Project of Science and Technology (grant number 202102080283) and Key Project of Rural Science and Technology Commissioner of Guangdong Province (grant number KPT20190263).



Acknowledgments

We thank the Genetron Health (Beijing) Co. Ltd.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.976762/full#supplementary-material

Supplementary Figure 1 
 | Kaplan-Meier(KM) curve of GI-NKTCL patients.

Supplementary Figure 2 
 | The mutation landscape of Li-NKTCL patients (top mutated genes frequencies ≥ 4).



References

1. Kim, SJ, Yoon, DH, Jaccard, A, Chng, WJ, Lim, ST, Hong, H, et al. A prognostic index for natural killer cell lymphoma after non-anthracycline-based treatment: a multicentre, retrospective analysis. Lancet Oncol (2016) 17:389–400. doi: 10.1016/S1470-2045(15)00533-1

2. Wu, J, Qiu, YJ, Xu, AG, Xing, LH, and Zhang, QX. Clinical characteristics of lung NK/T cell lymphoma misdiagnosed as pneumonia. Zhonghua Yi Xue Za Zhi (2019) 99:2696–700. doi: 10.3760/cma.j.issn.0376-2491.2019.34.012

3. Yamaguchi, M, Suzuki, R, Oguchi, M, Asano, N, Amaki, J, Akiba, T, et al. Treatments and outcomes of patients with extranodal natural killer/T-cell lymphoma diagnosed between 2000 and 2013: a cooperative study in Japan. J Clin Oncol (2017) 35:32–9. doi: 10.1200/JCO.2016.68.1619

4. Jiang, L, Gu, Z-H, Yan, Z-X, Zhao, X, Xie, Y-Y, Zhang, Z-G, et al. Exome sequencing identifies somatic mutations of DDX3X in natural killer/T-cell lymphoma. Nat Genet (2015) 47:1061–6. doi: 10.1038/ng.3358

5. Kim, SJ, Jung, HA, Chuang, S-S, Hong, H, Guo, C-C, Cao, J, et al. Extranodal natural killer/T-cell lymphoma involving the gastrointestinal tract: analysis of clinical features and outcomes from the Asia lymphoma study group. J Hematol Oncol (2013) 6:86. doi: 10.1186/1756-8722-6-86

6. Yang, Y, Zhu, Y, Cao, J-Z, Zhang, Y-J, Xu, L-M, Yuan, Z-Y, et al. Risk-adapted therapy for early-stage extranodal nasal-type NK/T-cell lymphoma: analysis from a multicenter study. Blood (2015) 126:1424–32. doi: 10.1182/blood-2015-04-639336

7. Yamaguchi, M, Kwong, Y-L, Kim, WS, Maeda, Y, Hashimoto, C, Suh, C, et al. Phase II study of SMILE chemotherapy for newly diagnosed stage IV, relapsed, or refractory extranodal natural killer (NK)/T-cell lymphoma, nasal type: the NK-cell tumor study group study. J Clin Oncol Off J Am Soc Clin Oncol (2011) 29:4410–6. doi: 10.1200/JCO.2011.35.6287

8. Li, X, Cui, Y, Sun, Z, Zhang, L, Li, L, Wang, X, et al. DDGP versus SMILE in newly diagnosed advanced natural Killer/T-cell lymphoma: A randomized controlled, multicenter, open-label study in China. Clin Cancer Res an Off J Am Assoc Cancer Res (2016) 22:5223–8. doi: 10.1158/1078-0432.CCR-16-0153

9. Kim, M, Kim, TM, Kim, KH, Keam, B, Lee, S-H, Kim, D-W, et al. Ifosfamide, methotrexate, etoposide, and prednisolone (IMEP) plus l-asparaginase as a first-line therapy improves outcomes in stage III/IV NK/T cell-lymphoma, nasal type (NTCL). Ann Hematol (2015) 94:437–44. doi: 10.1007/s00277-014-2228-4

10. de Mel, S, Hue, SS-S, Jeyasekharan, AD, Chng, W-J, and Ng, S-B. Molecular pathogenic pathways in extranodal NK/T cell lymphoma. J Hematol Oncol (2019) 12:33. doi: 10.1186/s13045-019-0716-7

11. Ye, Q, Chen, H, Wen, Z, Guo, W, Huang, Y, and Mo, X. Abnormal expression of p-ATM/CHK2 in nasal extranodal NK/T cell lymphoma, nasal type, is correlated with poor prognosis. J Clin Pathol (2021) 74:223–7. doi: 10.1136/jclinpath-2020-206476

12. Xiong, J, and Zhao, W-L. Advances in multiple omics of natural-killer/T cell lymphoma. J Hematol Oncol (2018) 11:134. doi: 10.1186/s13045-018-0678-1

13. de Mel, S, Soon, GS-T, Mok, Y, Chung, T-H, Jeyasekharan, AD, Chng, W-J, et al. The genomics and molecular biology of natural Killer/T-cell lymphoma: Opportunities for translation. Int J Mol Sci (2018) 19(7):1931. doi: 10.3390/ijms19071931

14. Zhang, J, Chiodini, R, Badr, A, and Zhang, G. The impact of next-generation sequencing on genomics. J Genet Genomics (2011) 38:95–109. doi: 10.1016/j.jgg.2011.02.003

15. Ng, SB, Turner, EH, Robertson, PD, Flygare, SD, Bigham, AW, Lee, C, et al. Targeted capture and massively parallel sequencing of 12 human exomes. Nature (2009) 461:272–6. doi: 10.1038/nature08250

16. Huang, Y, de Leval, L, and Gaulard, P. Molecular underpinning of extranodal NK/T-cell lymphoma. Best Pract Res Clin Haematol (2013) 26:57–74. doi: 10.1016/j.beha.2013.04.006

17. Sugimoto, K, Kawamata, N, Sakajiri, S, and Oshimi, K. Molecular analysis of oncogenes, ras family genes (N-ras, K-ras, h-ras), myc family genes (c-myc, n-myc) and mdm2 in natural killer cell neoplasms. Jpn J Cancer Res (2002) 93:1270–7. doi: 10.1111/j.1349-7006.2002.tb01234.x

18. Quintanilla-Martinez, L, Kremer, M, Keller, G, Nathrath, M, Gamboa-Dominguez, A, Meneses, A, et al. p53 mutations in nasal natural killer/T-cell lymphoma from Mexico: association with large cell morphology and advanced disease. Am J Pathol (2001) 159:2095–105. doi: 10.1016/S0002-9440(10)63061-1

19. Küçük, C, Hu, X, Jiang, B, Klinkebiel, D, Geng, H, Gong, Q, et al. Global promoter methylation analysis reveals novel candidate tumor suppressor genes in natural killer cell lymphoma. Clin Cancer Res (2015) 21:1699–711. doi: 10.1158/1078-0432.CCR-14-1216

20. Zhang, Y, Li, C, Xue, W, Zhang, M, and Li, Z. Frequent mutations in natural Killer/T cell lymphoma. Cell Physiol Biochem Int J Exp Cell Physiol Biochem Pharmacol (2018) 49:1–16. doi: 10.1159/000492835

21. Li, Z, Zhang, X, Xue, W, Zhang, Y, Li, C, Song, Y, et al. Recurrent GNAQ mutation encoding T96S in natural killer/T cell lymphoma. Nat Commun (2019) 10:4209. doi: 10.1038/s41467-019-12032-9

22. Tomczak, K, Czerwińska, P, and Wiznerowicz, M. The cancer genome atlas (TCGA): an immeasurable source of knowledge. Contemp Oncol (Poznan Poland) (2015) 19:A68–77. doi: 10.5114/wo.2014.47136

23. Zehir, A, Benayed, R, Shah, RH, Syed, A, Middha, S, Kim, HR, et al. Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients. Nat Med (2017) 23:703–13. doi: 10.1038/nm.4333

24. Miao, D, Margolis, CA, Vokes, NI, Liu, D, Taylor-Weiner, A, Wankowicz, SM, et al. Genomic correlates of response to immune checkpoint blockade in microsatellite-stable solid tumors. Nat Genet (2018) 50:1271–81. doi: 10.1038/s41588-018-0200-2

25. Van Allen, EM, Miao, D, Schilling, B, Shukla, SA, Blank, C, Zimmer, L, et al. Genomic correlates of response to CTLA-4 blockade in metastatic melanoma. Science (2015) 350:207–11. doi: 10.1126/science.aad0095

26. Gu, Z, Eils, R, and Schlesner, M. Complex heatmaps reveal patterns and correlations in multidimensional genomic data. Bioinformatics (2016) 32:2847–9. doi: 10.1093/bioinformatics/btw313

27. Quan, J, Wu, Z, Ye, Y, Peng, L, Wu, J, Ruan, D, et al. Metagenomic characterization of intestinal regions in pigs with contrasting feed efficiency. Frontiers in microbiology (2020) 11:32.

28. Zhou, G, Zhang, S, Jin, M, and Hu, S. Comprehensive analysis reveals COPB2 and RYK associated with tumor stages of larynx squamous cell carcinoma. BMC cancer (2022) 22(1):1–5.

29. Mayakonda, A, Lin, D-C, Assenov, Y, Plass, C, and Koeffler, HP. Maftools: efficient and comprehensive analysis of somatic variants in cancer. Genome Res (2018) 28:1747–56. doi: 10.1101/gr.239244.118

30. Huh, J. Epidemiologic overview of malignant lymphoma. Korean J Hematol (2012) 47:92–104. doi: 10.5045/kjh.2012.47.2.92

31. Xiong, J, Cui, B-W, Wang, N, Dai, Y-T, Zhang, H, Wang, C-F, et al. Genomic and transcriptomic characterization of natural killer T cell lymphoma. Cancer Cell (2020) 37:403–419.e6. doi: 10.1016/j.ccell.2020.02.005

32. Liu, Y-F, Wang, B-Y, Zhang, W-N, Huang, J-Y, Li, B-S, Zhang, M, et al. Genomic profiling of adult and pediatric b-cell acute lymphoblastic leukemia. EBioMedicine (2016) 8:173–83. doi: 10.1016/j.ebiom.2016.04.038

33. Jones, CL, Degasperi, A, Grandi, V, Amarante, TD, Mitchell, TJ, Nik-Zainal, S, et al. Spectrum of mutational signatures in T-cell lymphoma reveals a key role for UV radiation in cutaneous T-cell lymphoma. Sci Rep (2021) 11:3962. doi: 10.1038/s41598-021-83352-4

34. Zhang, L, Zhang, P, Wen, J, Chen, X, and Zhang, H. Primary gastric natural killer/T-cell lymphoma with diffuse CD30 expression and without CD56 expression: A case report. Oncol Lett (2016) 11:969–72. doi: 10.3892/ol.2015.4015

35. Ogawa, S, Imai, Y, and Inokuma, T. Mimicking gastric natural Killer/T-cell lymphoma. Gastroenterology (2017) 153:e22–3. doi: 10.1053/j.gastro.2016.11.055

36. Huang, Y-H, Huang, C-T, Tan, SY, and Chuang, S-S. Primary gastric extranodal natural killer/T-cell lymphoma, nasal type, with acquisition of CD20 expression in the subcutaneous relapse: report of a case with literature review. J Clin Pathol (2015) 68:943–5. doi: 10.1136/jclinpath-2015-203188

37. Yang, H, Wu, M, Yin, W, Sun, W, and Zhang, G. Diagnosis and treatment of a patient with primary gastric extranodal natural killer/T-cell lymphoma, nasal type. Leuk Lymphoma (2010) 51:2137–40. doi: 10.3109/10428194.2010.512964

38. Selvarajan, V, Osato, M, Nah, GSS, Yan, J, Chung, T-H, Voon, DC-C, et al. RUNX3 is oncogenic in natural killer/T-cell lymphoma and is transcriptionally regulated by MYC. Leukemia (2017) 31:2219–27. doi: 10.1038/leu.2017.40

39. Sandal, T. Molecular aspects of the mammalian cell cycle and cancer. Oncologist (2002) 7:73–81. doi: 10.1634/theoncologist.7-1-73

40. Morin, RD, Mendez-Lago, M, Mungall, AJ, Goya, R, Mungall, KL, Corbett, RD, et al. Frequent mutation of histone-modifying genes in non-Hodgkin lymphoma. Nature (2011) 476:298–303. doi: 10.1038/nature10351

41. Bindels, EMJ, van der Kwast, TH, Izadifar, V, Chopin, DK, and de Boer, WI. Functions of epidermal growth factor-like growth factors during human urothelial reepithelialization in vitro and the role of erbB2. Urol Res (2002) 30:240–7. doi: 10.1007/s00240-002-0260-7

42. Liles, JS, Arnoletti, JP, Tzeng, C-WD, Howard, JH, Kossenkov, AV, Kulesza, P, et al. ErbB3 expression promotes tumorigenesis in pancreatic adenocarcinoma. Cancer Biol Ther (2010) 10:555–63. doi: 10.4161/cbt.10.6.12532

43. Morrison, MM, Williams, MM, Vaught, DB, Hicks, D, Lim, J, McKernan, C, et al. Decreased LRIG1 in fulvestrant-treated luminal breast cancer cells permits ErbB3 upregulation and increased growth. Oncogene (2016) 35:1206. doi: 10.1038/onc.2015.418

44. Capparelli, C, Rosenbaum, S, Berger, AC, and Aplin, AE. Fibroblast-derived neuregulin 1 promotes compensatory ErbB3 receptor signaling in mutant BRAF melanoma. J Biol Chem (2015) 290:24267–77. doi: 10.1074/jbc.M115.657270

45. Amin, DN, Campbell, MR, and Moasser, MM. The role of HER3, the unpretentious member of the HER family, in cancer biology and cancer therapeutics. Semin Cell Dev Biol (2010) 21:944–50. doi: 10.1016/j.semcdb.2010.08.007

46. Tanizaki, J, Okamoto, I, Okabe, T, Sakai, K, Tanaka, K, Hayashi, H, et al. Activation of HER family signaling as a mechanism of acquired resistance to ALK inhibitors in EML4-ALK-positive non-small cell lung cancer. Clin Cancer Res (2012) 18:6219–26. doi: 10.1158/1078-0432.CCR-12-0392

47. Lee, H, Lee, H, Chin, H, Kim, K, and Lee, D. ERBB3 knockdown induces cell cycle arrest and activation of bak and bax-dependent apoptosis in colon cancer cells. Oncotarget (2014) 5:5138–52. doi: 10.18632/oncotarget.2094

48. Zupa, A, Improta, G, Silvestri, A, Pin, E, Deng, J, Aieta, M, et al. A pilot characterization of human lung NSCLC by protein pathway activation mapping. J Thorac Oncol Off Publ Int Assoc Study Lung Cancer (2012) 7:1755–66. doi: 10.1097/JTO.0b013e3182725fc7

49. Baumann, P, and Cech, TR. Pot1, the putative telomere end-binding protein in fission yeast and humans. Science (2001) 292:1171–5. doi: 10.1126/science.1060036

50. Smith, PAD, Waugh, EM, Crichton, C, Jarrett, RF, and Morris, JS. The prevalence and characterisation of TRAF3 and POT1 mutations in canine b-cell lymphoma. Vet J (2020) 266:105575. doi: 10.1016/j.tvjl.2020.105575

51. Lazzerini-Denchi, E, and Sfeir, A. Stop pulling my strings - what telomeres taught us about the DNA damage response. Nat Rev Mol Cell Biol (2016) 17:364–78. doi: 10.1038/nrm.2016.43

52. Chan, JYK, Poon, PHY, Zhang, Y, Ng, CWK, Piao, WY, Ma, M, et al. Case report: Exome sequencing reveals recurrent RETSAT mutations and a loss-of-function POLDIP2 mutation in a rare undifferentiated tongue sarcoma. F1000Research (2018) 7:499. doi: 10.12688/f1000research.14383.1

53. Liu, M, Du, K, Jiang, B, and Wu, X. High expression of PhospholipaseD2 induced by hypoxia promotes proliferation of colon cancer cells through activating NF- κ Bp65 signaling pathway. Pathol Oncol Res (2020) 26:281–90. doi: 10.1007/s12253-018-0429-1

54. Sánchez-Martínez, R, Cruz-Gil, S, Gómez de Cedrón, M, Álvarez-Fernández, M, Vargas, T, Molina, S, et al. A link between lipid metabolism and epithelial-mesenchymal transition provides a target for colon cancer therapy. Oncotarget (2015) 6:38719–36. doi: 10.18632/oncotarget.5340

55. Nath, A, and Chan, C. Genetic alterations in fatty acid transport and metabolism genes are associated with metastatic progression and poor prognosis of human cancers. Sci Rep (2016) 6:18669. doi: 10.1038/srep18669

56. Fiucci, G, Czarny, M, Lavie, Y, Zhao, D, Berse, B, Blusztajn, JK, et al. Changes in phospholipase d isoform activity and expression in multidrug-resistant human cancer cells. Int J Cancer (2000) 85:882–8. doi: 10.1002/(sici)1097-0215(20000315)85:6<882::aid-ijc24>3.0.co;2-e

57. Cotte, AK, Aires, V, Fredon, M, Limagne, E, Derangère, V, Thibaudin, M, et al. Lysophosphatidylcholine acyltransferase 2-mediated lipid droplet production supports colorectal cancer chemoresistance. Nat Commun (2018) 9:322. doi: 10.1038/s41467-017-02732-5

58. Song, W, Chen, Z, Shi, C, Gao, Y, Feng, X, Li, H, et al. Synergistic anticancer effect of a combination of chidamide and etoposide against NK/T cell lymphoma. Hematol Oncol (2021). doi: 10.1002/hon.2954

59. Zhong, H, Chen, J, Cheng, S, Chen, S, Shen, R, Shi, Q, et al. Prognostic nomogram incorporating inflammatory cytokines for overall survival in patients with aggressive non-hodgkin’s lymphoma. EBioMedicine (2019) 41:167–74. doi: 10.1016/j.ebiom.2019.02.048



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Liu, Liu, Zhai, Cao, Yu, Hong, Lin, Li, Huang and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2022.976762_cover.jpg
, frontiers ‘ Frontiers in Oncology

Integrated driver mutations
profile of chinese
gastrointestinal-natural
killer/T-cell lymphoma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Integrated driver mutations profile of chinese gastrointestinal-natural killer/T-cell lymphoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Sample collection and raw data sequencing of NK/T cell lymphoma

          



          		

            Pan-cancer datasets and ICIs datasets collection

          



          		

            Genome analysis

          



          		

            Immune infiltration

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Overview of the mutational spectrum and pattern of GI-NKTCL

          



          		

            Panoramic overview of mutations in GI-NKTCL

          



          		

            Overview of abrupt change of Hallmark pathway signaling in GI-NKTCL

          



          		

            Association between most frequently mutated genes (RETSAT and SNRNP70) and immune infiltration

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-976762-g003.jpg
pAla533Val
.

.

# RETSAT Mutations

’ e o_bin. B

0 100 200 300 400 500 610aa.

Cancer Hotspots

OncokB.

PTM (dbPTM)
Phosphorylation
Acetylation . -~
Ubiquitination .o en o . .
Methylation . .

Malonylation .
Exon
‘Topology

i

4
3
4

# RETSAT Mutations

|
®ss e s mme s s e W s W s ses s wm --r--- weemos s o o e

Cancer Hotspots
Oncoks
PTM (dbPTM)
Phosphorylation . . - - — -
Acetylation .o -
Ubiquitination . von e .
Methylation - -
Malonylation -
Exon
Topology

P.ASP238_Arg2a7del
.

# SNRNP70 Mutations

’ [ uemveon B mev e ]

o 100 200 300 400 as7aa

Cancer Hotspots
OncokB

PTM (dbPTM)
Phosphorylation - - cossees .~ R — - . .

Acetylation . . R . -
Ubiquitination . o e e
Methylation - — - -
Glutathionylation .

Sumoylation
Exon
Topology

pArg155GInPro

# SNRNP70 Mutations

mees e e e .- mir

0 100 200 300 400 4372

Cancer Hotspots
Oncoks
PTM (dbPTM)
Phosphorylation . . vo e seee .- .o s - . .
Acetylation . .

Ubiguitination . oo
Methylation

Glutathionylation .

Sumoylation
Exon
Topology






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-976762-g005.jpg
5
H
&
3
¥
£

g

UCEC (31/525)

77)

uvm

CD274 (PD-L1)
HAVCR2

TG
PDCD1 (PD-1)
PDCDILG2

©D274 (PD-L1)
HAVCR2

cTLAd
TG

PDCD1 (PD-1)
PDCDILG2

OV (9/414)
GBM (7/354)

BRCA

CESC

Variable HR lower 95%Cl upper 95%Cl pvalue
Univariable Cox (Allen-Melanoma PFS)
RETSAT (MT vs WT) 0.829 0.262 2621  0.75 ——
SNRNP70 (MT vs WT) 0.611 0.150 2.491  0.492 b
Univariable Cox (Miao-Melanoma 08) 0
RETSAT (MT vs WT) 0.482 0.150 1.554 0.222 —r
SNANP7O(MTVSWT) 7486 1746 52095 0007 | ———
Univariable Cox (Miao-Melanoma PFS)
RETSAT (MT vs WT) 0.264 0.036 1952 0192 ——&¢—1—
SNRNP70 (MT vs WT) 3.990 0.945 16.845  0.06 ——————
T |
5 o 5

CESC (4/283)
PAAD (2/178)
Lusc
THYM
TeCT
PCPG
BRCA (3/979)

*P<0.05
**P<0.01

Log2FC

w.
1

Hi il‘l'

239998332¢%
22522233248
233 ]
8033 §56S .

Mann-Whitney U test

*P<0.05
**P<0.01
***P<0.001
****P<0.0001

Log2FC

L B
1

2
2
]
S

ESCA

KIRP
Lusc
SKCM

***P<0.001
****P<0.0001

.
H
H
g
H
£
a
3
H
g
£

H g
g S
3 g
2 8
2

E  ooolone

5 collsmemory

Plsma_cels

T_cells COB

T_cells_CD4_naive
T_cells_CD4_memory_resting
T_cells_CD4_memory_activated
T_cells_folicular_helper
T_cells_regulatory_(Tregs)

T _cells_gamma_delta
NK_cells_resting
NK_cells_activated

Monocytes.

Macrophages_MO
Macrophages_M1
Macrophages_M2
Dendritic_cells_resting
Dendritic_cells_activated
Mast_cels_resting
Mast_cells_activated
Eosinophils

Neutrophils

G

B_cells_naive
B_cells_memory
Plasma_cells
T_cells_CD8

T _cells CD4_naive
T_cells_CD4_memory_resting
T _cells CD4_memory_activated
T_cells_follicular_helper
T_cells_regulatory_(Tregs)
T_cells_gamma_defta
NK_cells_resting
NK_cells_activated

Monocytes

Macrophages_Mo
Macrophages_M1
Macrophages_M2
Dendritic_cells_resting
Dendritic_cells_activated
Mast_cells_resting
Mast_cells_activated
Eosinophils
Neutrophils

340.2% 240 2502

PCPG (1/176)
BLCA (21409)

STAD (2/435)

Mann-Whitney U test

DLEC (0/36)

GBM (0/354)

KICH (0/66)
LAML (01134)
PAAD (01178)

- *P<0.05
. e **P<0.01
= s *™P<0.001
****P<0.0001
Log2FC
. 0.2
|| L . 0.1
= |
0.0
|
-0.1

AR EREEE RS E
553238285328
dE8638233°8¢8

Mann-Whitney U test

- *P<0.05
L B **P<0.01
. - ***P<0.001

. ****P<0.0001

. Log2FC

. 0.10

0.05

0.00
& - -0.05

* |

-0.10

BRCA
CESC
COAD
ESCA
KIRP.
Lusc
SKCM
UCEC






OEBPS/Images/fonc-12-976762-g001.jpg
Mutation Spectrum

€23,6:C
CaT@sA
ToAAT

T:CAG

Mut_type
C>ACGT
T>GA-C

1.00-
0.75-
0.50-
0.25-
0.00-

UoIBIN 4O UolBI4

- LOL¥EREY
- LOLZEYEY
- LOLLEYHY
- LDLoETHY
- LoLEzrHY
- LDLEzYHY
- LoLzZYEY
- LDLggYHY
- LoLGZYHY
- LDLYErHY
- LDLezrEY
- LoLLErEY
- LDisLety
- LoLS ey
- LDLeesoy

Samples Cosine Similarities

Mutation Spectrum

cos_si2

cos_s

Sig.7
COS_5ig.10
|COS 5ig.17

08

cOS5ig28

COS 5ig.13

cos_sig.22
COS 5ig.27

COS_Sig.11

04

ioz

COS_Sig.23

COS_Sig 19

COS_5ig.20
COS_5ig.20

cos_sig.1

Input_Sig.1
COS Sig.14

COS 5ig.8

COs_Sig 15
COS_5ig.18

COS Sig.24
COS _5ig.29

COS_Sig4

COS_5ig8

|cos_sig21
COS 5ig.12

COS 5ig.26
COS 5ig.9

COS_Sig5

COS 5ig.16
cOs_5ig3

Cos 5ig.25

cos_sig2s
COS_Sig.3
cos_sig 16
COS Sigs

| |COS_Sigg

cas_sig2s

[~ \cos_sig.12
cos_sig21
COS_Sigs
|COS_Sig4
cos_sig2s

COS_Sig.24

|cas_sig. 18
COS_Sig.15

1C0S_Sig8
COS_Sig 14

Input_Sig.1

RR432TQ1

RR427TQ1

0

RR430TQ1

RR429TQ1

RR425TQ1 I

COS_Sig 1

\cos_sig20

COS_Siga

-2

RaQ786TQ1

RR431TQ1

RR434TQ1

‘ RR423TQ1

RR421TQ1

Ra815TQl

RR424TQ1

COs_Sig.1a

[l cos sigzs

COS_Sig 11
cos_sig27
COS_sig22
cos_sig 13
COs 5ig28

RR426TQ1

COS_Sig 17
COs_Sig 10
COS_Sig7
cos_sig2

RQs16TQ!

RR428TQ1

T>GA>C

T>CA>G

T>AAST

C>T.G>A

C>G,G>C

C>AG>T

pattern

" CoA
= G
= T
= T>A
= T>C
= T>6

%0E

%02

uoniodaig

Jof
u VV<OlY





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-976762-g002.jpg
e Gender
T e YA
e Primary St 2 4

| T E— X
- .. RETSAT  — Alterations Gender
- .. iggggo I
- - S & .
- = ARg — 1! Splice Site Female
- - ARID1B  m— B Missense Male
- == C8orf44  m— .
- - CAMSAP1  m— B Frameshift
— - - - BN@B — B Inframe ins/del Age
- - DSCAML1  m— Y
= - ERBB3  em—
- - FLG —
- - HELZ2 =
- = [DUA == 50
- - LRRIQ1 —
- - MUC17 e
- - NOP9 I—
- - NT5C1B  m— 0
= =R —
V— " "
— - = - PTPN22 Primary Site
- - SLC35G5 — nmmm—
- - '%%((:3 1 — = Colon
- L} e
= Tpsac — lleocecus
- UBE3 — i i
= = USPad . Small intestine
= T § S
Ee¥%saragny m E8,¥m . Tga, . 85
b N R e Pl DS U g O VB O T
BZEIETLICSAYN IO o0 r2R3cQn®s
R R O R I
2533<335584Gdra%sz2:20ea3arckSS
USP34 2] [ | [ ]
UBESC [2]
P53 [2] | | L]
TNXB [2]
SOX11[2]
SLC35G5 [2]
PTPN22 [2]
POT1 [2]
PDE3A [2] * P <0.01
ncib i - P<0.05
NOP9 [2]
MUC17 [2]
LRRIQ1 [2]
IDUA [2]
HELZ2 [2]
FLG [2]
ERBB3 [2]
DSCAML1 [2]
DNM3 [2]
DNAHS [2]
CAMSAP1 [2] w >3 (Co-occurance)
csorf44 [2] % 2
ARID1B [2] T 1
AHNAK2 [2] a 0
ADGRL3 [2] =
=4 1
SNRNP70 [3] —
RETSAT [4] 2 2
= > 3 (Mutually exclusive)





OEBPS/Images/table1.jpg
Characteristics

Age

<60

>60

Sex

Female

Male

Primary Site
Rectum

Colon

Small intestine
LDH Status
Increase
Normal

CD56

+)

)

Missing
Surgery

YES

NO
Treatment
Surgery
Surgery+Chemotherapy
Survival status
Dead

Alive

10

15

10

14





OEBPS/Images/fonc-12-976762-g004.jpg
A% SRE) %
oL {k M, g

translation_start_site

S i“
“%\ ‘"%‘&‘e }{2 g k &%‘ g{% Shor W watpte [l nonstop

b

Rkl |||.,.

HALLUARK THFA SCRAUING, Vi NP5 s 2 e st 7 S s e 1 3 >

HALVARK VPOXA 8 Ak den A6 21 o0 A 20 9 9 3 14 198 1 8 1 I o0 1s 5 2 1 %

HALLWARK CHOLESTERDL HOWEOUTAS'S S8 e 't 5 et 5 S0 S 5 St 3t 1t 30 s em 5 o B 5 e s

AR TOTIC- SN R S i i s 5 e e 7 s s a5 3 4 o

HALLIARK WNT BETA CATENT SISRAUNG 1 40138 34 1t (a4 & % 8697 & 2 2 16 % 3 40 3 7 & Grda s 7w

WALLVARK TGF BETA SIGNALING 1 68043 S48\ 12 5o dadm o 24 2 12 20 4o da s 7 S PR

HALLMARK IS JAK STATS_SIGNALIG 28 i i 3 i 25 183 s & s 3o 21 2 e s & i Baw 1\ 3 o e a
VAARK ONA FEPNR 20 WBKAEANE 1o HANAAD 1 62 02D o ok G 53 e 70 A 1s A8

] ?
2hmn
ol S TN e 2 A 2 i s e 1 1 Gima
SIRECIERACHT R £ i o i e 2 e e 1 A e snEmey
BT A S S e s e 1D # T
AT SIS e i o i o i 1 e e 5 o
s e ORCARERRENT | G o e 1 e 2 A 8 aman
A RO PRI o et o s o fo et 1t o i 2 saman
O e S S PEmLAmELIEIWE i H BimuY
FASISEIIRSE & 5 i 3 i e 3 H 2 foma
it HETEITOCIER, H e H s 2TmRY
o MG KOO & R ] H H] 2ima
ARBARGIEIER AR IO & i st - 3 3 e & Z G hms
SRR R = 4 AEmn;
TR O Sees Em ER L 5 = riEn Y
I e REBiEEALS H H timi:
SSRGS i 17 o 22 = H -
e onrousts ISR SREISeNER i H SImE Y
MRS R TSN Bum.BEREd I H Rhmz
iR b i 3 i H Sime
il i o 3 i i H Samnh
RO Al B mmrERsER 4 H anmay
i R SamiENERE : H BrEn
v prieun A TERR A g i i S i - & 2imi
THG RN, Ty B i R SR 2 8 aama
TS 8 i kb i E 2uEmE
jribeietia Rt ) T % e i H Srmny
AR SISTE ZEAER R B REm.RRERS mEaiEEl %omz
Motk Shae a o 6 B 5 e ¢ e e Eiman
s e o AL BTN S R A RN
TR R - e 1 0k i s e e o 3
i SRS WS s el 2ama o
R RET S BT o 5 7 0 3 0 el i ) T aiman
HIRCNESID 8 R Al e Nk
i SR i 1 e 2 T 0 1 s s
R R R S R LR nEe simey
o OGUATRE Toiui 1 o o 3 i i & e || i o §ima o
PR s & N men R ShmY
it & SEZ.EEnaIEE.En2: 222 ZRma
e ASEETOIE & o 7 70 3 e 1 B ¢ o 0 & nm s
AT S S n e 2RI L ERE R B
AR R SO i 1 i i 1 A v o Zima .
e s i R o 5 1 B e B 1 1 snma
ORISR S R TEEL L WEn e Fclin
o
S STtz 82230 032328520 5zR0E
8 3588382838 8.5383383¢8B0%28¢8
2 Bgeeriesgsggoapigtyapazess
HALLMARK_TNFA_SIGNALING_VIA_NFKB 1 '3 141 3 [l & 2 545 WA A RN 2 B T & EEs Iy |
e
AL CroLESTERGL ROWESTISS 1 1 ' 191 A | B e
LI MTONC SPNDLE 2 g4 it S 78 O3 e T A e 6 00 7
AL T SETA CATR SaUALG 53 3 4 8 8% |
ALiea T ST SONALNG 82188 1 8184 1 fadae 5 | ddur 3 8o mis 3 miae n 7 mie 3o m e e )
A LA T S 8 s ta i s el a
pritE e R
AL G CHECKEONT 3 8 e | ¢ o o o ¢ o e 3
FALLUANCAOPTCS 4 54 4 0 S S ¢ 081 1 AN 5+ 1 A8 8 A0 A > S 55 121820 o 1 3
AL NOTC SIALNG 2 8 38138 4/ e S 3 | 38e a4 s s 2 saeE s oS a s s
provpreo
AL TR AGHROSE FARY 7 3 85 838 3 2 Madada s 3 % aas 7 a s o Mdn a3 8 n & dode o s 7 5
N Eoos RESoONSE e & 3 1 1 @38l (4 1
i R
FALDIAONGSSS 41315 318181 | 14 2 BB16 & 2 1807817 20181 | 318108 818500 00A 5 6 4
i v Pitveiiii 22ii2ii'ice B
AT SEcHOn Lmia HESPONGE 49 & a i s s & oot o oo
FALASCATCAL SNGTON 8131615 8 3 458 71 = AR 5 o A48 10 130 > U0 A 17 400 2 5
Ll el SUrce TR T | R e .
AL DGO SO (3% 1 A 153 Setwiisteeiendlsesssses .y s B0
HALLIARR Pk T TOR SCAUNG 22 18 3 181 2 B 51190 0 e 0 5. 5
Al one: Somne e A e e e s e r s
A o TARGETS 17 1 W B RN 0 8 0 S
e e TReE 3 s T =
Mallew e mRGers e | Bl
LR SPTEL ESENGTIA TRSTO a1 e o R PR R e R RS
TGN MEAMNONY RSSOV 1 2 2 sie et LS e T e s s+
HALLMARK_XENOBIOTIC METABOLISM 1 1 1 3 2 3 1 B 1 33 33333331333 |
'HALLMARK_FATTY_ACID_METABOLISM 1082 . 134431186 ©8435542664 3 5 o M
AL GUSATVE FHOSHOR AN H EEPERRRE E R R PR
HALLMARK GLYCOLYSIS 1 1 1 38 4 40 1 & 2 125956440000 W78 4807 5 ¢ o B
HALLMARK_PSS_PATHWAY 161741 4" & SIS ME + 8885 5 & 7 M812 06 14 5 0020 ¢ 308038 11 47 2098 10 1999 12 lu)=
et e e T T e
o e o 11138 31 COTAEIIIE Aiisd0 333804
e cosauLTon 5.5 2 pediitiig 8332500 (113500
AALUCLE SROSOANG 11 AR o e 3 o s 3 3
L S A0 gL
I P LlEaiiiias dsaiiiiiiiiicillEm
AL ALLORET REISCTION & 4 A 3 8o+ RMAAR 3 448 SN e S ¢ A8 1
A SEATSOENE S © 33 23 28 2 e 4 2 ss s s 54 o s e s s s oe s e s e s i s e s s s W
AL XS SONALNGUP 2 41 1 4 S 0 4 5 RGNS 5 .18 e 9 7 8 e 10 ¢
AN SaNG DY £ 2 18 28 31 T T e
AR PNGRERS BE CELLS AR RS S S
Tors 36 49 47 59 8 T N0 1o NN 2 D 4 O S N < 0 O 7 2 7

Gloma

Heat and Nock e
Watanoma
Mesatatcma

Nerve Shoath Tumor

Non-Sma e Lung Gancer

Hetocyots

Maturs B-Cal Neoplasms.

Mature T s NK Necplaams

Sk Cancer

i

‘Ovarian Cancer

Parcreate Cancer

CorvialCancer
Perpherl Nerous Syser
Prosate Cancer

Rena Col Caronoma.
‘Sawary Gand Cancer

Sox Cord Sromal umor

H

5
22
H
88

!
|

B
:
H

Hepstopary Cancer

Soft Tisue Sarcoma

n—c——

f
I
i
£
i





