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Loss of SMARCB1 expression in colon carcinoma
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SMARCB1 is a tumor suppressor gene, which is part of SWI/SNF complex involved in transcriptional regulation. Recently, loss of SMARCB1 expression has been reported in gastrointestinal carcinomas. Our purpose was to evaluate the incidence and prognostic value of SMARCB1 loss in colon carcinoma (CC). Patients with stage III CC (n = 1695), and a second cohort of 23 patients with poorly differentiated CC were analyzed. Immunohistochemistry for SMARCB1 was performed on tissue microarrays, and cases with loss of expression were controlled on whole sections. Loss of SMARCB1 was compared with the clinico-pathological and molecular characteristics, and the prognostic value was evaluated. Loss of SMARCB1 was identified in 12 of 1695 (0.7%) patients with stage III CC. Whole section controls showed a complete loss in only one of these cases, corresponding to a medullary carcinoma. SMARCB1 loss was not associated with histological grade, tumor size nor survival. In the cohort of poorly differentiated CC, we detected 2/23 (8.7%) cases with loss of SMARCB1; one was rhabdoid while the other had medullary and mucinous histology. These 2 cases were deficient for MisMatched Repair (dMMR) and mutated for BRAF. SMARCB1 loss is rare in stage III CC, but appears more frequent in poorly differentiated CC.

toid/rhabdoid tumors of the nervous system and malig-18 nant rhabdoid tumours) [START_REF] Bourdeaut | Frequent hSNF5/INI1 germline mutations in pa-315 tients with rhabdoid tumor[END_REF], epithelioid sarcomas [START_REF] Folpe | SMARCB1-326 deficient vulvar neoplasms: A clinicopathologic, immunohis-327 tochemical, and molecular genetic study of 14 cases[END_REF][START_REF] Kohashi | SMARCB1/INI1 protein expression in round cell 331 soft tissue sarcomas associated with chromosomal transloca-332 A c c e p t e d M a n u s c r i p t tions involving EWS: A special reference to SMARCB1/INI1 negative variant extraskeletal myxoid chondrosarcoma[END_REF] 19 and renal medullary carcinoma [START_REF] Calderaro | Balanced translocations disrupting 322 SMARCB1 are hallmark recurrent genetic alterations in renal 323 medullary carcinomas[END_REF]. SMARCB1 mu-20 tation/inactivation has been reported to be correlated The second series consists in 23 patients with poorly differentiated CC treated in Ambroise Paré hospital (Boulogne, France) or Laennec hospital (Nantes, France). In particular, the serie of Nantes consisted in 17 medullary carcinomas.

SMARCB1 immunohistochemistry

Immunohistochemistry for SMARCB1 was performed using a mouse monoclonal antibody (clone 25/BAF47, BD Bioscience). SMARCB1 staining was interpreted by two observers (JFE, SM) who were blinded to clinical, pathological and molecular data at the time of analysis. The loss of SMARCB1 expression was established when the nuclei of tumor cells were not stained and the adjacent stromal cells, inflammatory and/or endothelial component as well as normal colonic cells (positive control) were positive. Normal liver tissue was used as a positive control for each TMA. We used an evaluation score of the loss of SMARCB1 in 3 categories according to the percent of positive tumor cells [START_REF] Wang | Loss of INI1 expression in colorectal carci-377 noma is associated with high tumor grade, poor survival, 378 BRAFV600E mutation, and mismatch repair deficiency[END_REF], and 2 subcategories: focal or diffuse loss. We only considered the percentage of labeled cells with SMARCB1 antibody, and not the intensity of the marking (Fig. 1 and Supplementary file 1). The score was noted "not interpretable" when neoplastic cells and also internal controls were negative for SMARCB1.

For the first series of patients, IHC of all cases was performed on tissue micro array (TMA) sections, and those who had focal or diffuse total loss of SMARCB1 underwent staining on whole sections. Immunohistochemistry on whole sections was interpreted as diffusely negative when there was negative staining in all neoplastic cells and a positive control in non-neoplastic cells (Fig. 2).

We then analyzed the expression of SMARCB1 in whole sections in the small independent cohort of A c c e p t e d M a n u s c r i p t Fig. 1. SMARCB1 immunohistochemistry on TMA of colon carcinoma. A: More than 90% of tumor cells were positive (score "3d"). Of note, neoplastic and non-neoplastic cells had nuclear expression of SMARCB1, because the expression of SMARCB1 is ubiquitous in non-tumor cells. B: 51 to 90% of tumor cells were positive with a diffuse distribution of loss of SMARCB1 (score "2d"). C: 5 to 50% of tumor cells were positive with a diffuse distribution of loss of SMARCB1 (score "1d"). D: 51 to 90% of tumor cells were positive with a focal or multifocal distribution of loss of SMARCB1 (score "2f"). Note that a loss is said to be "focal" if there is a loss of SMARCB1 expression on at least 25% of the TMA spot and if possible on more than one TMA spot out of 4. E: 5 to 50% of tumor cells were positive with a focal distribution of loss of SMARCB1 (score "1f"). F: Less than 5% tumor cells were positive with a focal distribution of loss of SMARCB1 (score "0f"). G: Less than 5% of tumor cells were positive with a diffuse distribution of loss of SMARCB1 (score "0d"). H: In this case of medullary carcinoma, more than 95% of neoplastic cells are negative as opposed to lymphoid stroma. The non-neoplastic cells retain nuclear expression of SMARCB1 and act as an internal positive control (score "0d"). 

Statistic analyses

Prognostic and molecular status (mismatch repair (MMR) and BRAF V600E mutation) and detailed methods used to determine this status have been previously reported in the literature [START_REF] Blons | Prognostic value of KRAS mutations in stage 311 III colon cancer: Post hoc analysis of the PETACC8 phase III 312 trial dataset[END_REF][START_REF] Taieb | Prognostic effect of BRAF and KRAS mutations in patients with stage III colon cancer treated with leucovorin, fluorouracil, and oxaliplatin with or without cetuximab: A post hoc analysis of the PETACC-8 trial[END_REF][START_REF] Taieb | Prognostic value of BRAF and KRAS mutations in MSI and MSS stage III colon cancer[END_REF]. The association between CC clinicopathological and molecular variables and SMARCB1 expression were individually examined and binary logistic regression modeling was used. Kaplan Meier analysis and Cox regression modeling were employed to examine the impact of SMARCB1 expression with overall survival. A p < 0.05 was taken as significant. For statistical analyzes we used 3 groups as follows:

Group 1: 3d (conserved expression of SMARCB1 on more than 90% of tumor cells) Group 2: 1 and 2 (labeling of SMARCB1 on 5 to 90% of tumor cells) Group 3: 0 (total loss of SMARCB1)

SMARCB1 molecular analysis 115

Tumor DNA was extracted from FFPE samples af-116 ter histology control and selection of areas contain-117 ing more than 80% of tumor cells. The whole coding 118 sequence as well as the previously described hotspot 119 in the first intron of SMARCB1 were analyzed us-120 ing next generation sequencing (NGS). Libraries ob-121 tained with Agilent SureSelect XT-HS preparation kit 122 were sequenced on a NovaSeq 6000 system. The bioin-123 formatics analysis included a variant calling using 124 Varscan2 (v2.4.3) and TransIndel for intermediate in-125 sertion/deletion and a copy number profile using Facets 126 (v0.5.1) with a sex-match control as reference [START_REF] Masliah-Planchon | SWI/SNF chromatin remodeling and human malignancies[END_REF][START_REF] Tauziède-Espariat | Deep intronic hotspot 364 variant explaining rhabdoid tumor predisposition syndrome in 365 two patients with atypical teratoid and rhabdoid tumor[END_REF] The frequency of loss of SMARCB1 seems to be higher in poorly differentiated CC. In fact, in the Italian series, 8 cases with loss out of 25 poorly differentiated CRC (32%) were observed. Among the 511 high-grade cases of Wang, 12 were SMARCB1 negative (2.35%). Briefly in Wang series, 12 of 14 (85.7%) of the CRCs with SMARCB1 loss were high grade, compared to 19.6% of cases with preserved SMARCB1 staining (p < 0.001). In 3 of the 7 CRCs with focal SMARCB1 loss, SMARCB1 stained in well-differentiated areas, and lost in areas of poor differentiation. In our large series of stage III CC, the only case with complete loss was a poorly differentiated CC: medullar type. Furthermore in our small independent series of poorly differentiated CC: 2/23 (8.7%) were SMARCB1 negative.

Although originally described in malignant rhabdoid pediatric tumors, SMARCB1 loss has now been reported in tumors from several localization, including the vulva [START_REF] Folpe | SMARCB1-326 deficient vulvar neoplasms: A clinicopathologic, immunohis-327 tochemical, and molecular genetic study of 14 cases[END_REF], pancreas [START_REF] Agaimy | Pancreatic undifferentiated rhabdoid car-305 cinoma: KRAS alterations and SMARCB1 expression status 306 define two subtypes[END_REF] and sinonasal tract [START_REF] Agaimy | SMARCA4-deficient sinonasal 308 carcinoma[END_REF]. In these sites, as well as in the gastrointestinal tract, SMARCB1 loss was reported to be associated with poor prognosis [START_REF] Agaimy | SMARCB1 299 (INI1)-negative rhabdoid carcinomas of the gastrointestinal 300 tract: Clinicopathologic and molecular study of a highly ag-301 gressive variant with literature review[END_REF][START_REF] Pancione | The chromatin remodelling component SMARCB1/INI1 influences the metastatic behavior of colorectal cancer through a gene signature mapping to chromosome 22[END_REF][START_REF] Tóth | An-368 drás et al, Primary rhabdoid cancer of the ileum: A case report 369 and review of the literature[END_REF][START_REF] Wang | Loss of INI1 expression in colorectal carci-377 noma is associated with high tumor grade, poor survival, 378 BRAFV600E mutation, and mismatch repair deficiency[END_REF]. For instance, among the 134 cases of Pancione et al. the loss was associated with poorly differentiated tumors, most often metastatic, and with a lower survival, regardless of the MMR status. Wang et al. also observed that loss of SMARCB1 was associated with lower survival. Contrasting with these previous publications, we did not find any prognostic value of the loss of SMARCB1.

The previous studies retrospectively included patients with different UICC stages, and with heterogeneous treatment and follow up. By contrast, the 1695 that we analyzed were all at stage III, prospectively included in an international clinical trial. They all received FOLFOX adjuvant treatment and underwent the same follow up. For these reasons our results have a higher level of evidence, than the previously published series. However, the power of our series is limited by Only few cases of CC with rhabdoid histology and loss of SMARCB1 have been reported as yet. But they had common features: mean age 70 years old, localization of the proximal colon, metastases, poor prognosis, BRAF mutated and dMMR status [START_REF] Agaimy | SMARCB1 299 (INI1)-negative rhabdoid carcinomas of the gastrointestinal 300 tract: Clinicopathologic and molecular study of a highly ag-301 gressive variant with literature review[END_REF][START_REF] Pancione | A novel case of rhabdoid colon carcinoma associated with a positive CpG island methylator phenotype and BRAF mutation[END_REF]. Wang's group showed that the loss of SMARCB1 in CC was associated with MSI-H status, and BRAF V600E mutation (p < 0.001). Molecular characteristics of the tumors of patients included in the PETACC8 series have already been published [START_REF] Blons | Prognostic value of KRAS mutations in stage 311 III colon cancer: Post hoc analysis of the PETACC8 phase III 312 trial dataset[END_REF][START_REF] Taieb | Prognostic effect of BRAF and KRAS mutations in patients with stage III colon cancer treated with leucovorin, fluorouracil, and oxaliplatin with or without cetuximab: A post hoc analysis of the PETACC-8 trial[END_REF][START_REF] Taieb | Prognostic value of BRAF and KRAS mutations in MSI and MSS stage III colon cancer[END_REF]. In these patients, loss of SMARCB1 was not associated with mismatch repair deficiency nor with BRAF V600E mutation. However, in our small series of poorly differenciated CC, one of the two cases with loss was rhabdoid, the other mixed (medullary and mucinous) and these 2 cases were BRAF mutated and deficient for MMR. We can therefore speculate that SMARCB1 loss could be secondary to genetic instability. However no pathogenic somatic variant were detected within the coding sequences. The previously described hotspot mutation within intron 1 may also be responsible for the loss of SMARCB1 [START_REF] Tauziède-Espariat | Deep intronic hotspot 364 variant explaining rhabdoid tumor predisposition syndrome in 365 two patients with atypical teratoid and rhabdoid tumor[END_REF], but were also absent in the two cases.

By contrast we detected a copy neutral LOH in one of the two cases. Further studies are required to determine the mechanism of SMARCB1 loss in poorly differentiated gastrointestinal carcinoma.

Genes of the SWI/SNF chromatin-remodeling complex are frequently altered in human cancers [START_REF] Wang | Molecular path-381 ways: SWI/SNF (BAF) complexes are frequently mutated in 382 cancer-mechanisms and potential therapeutic insights[END_REF] and may be targeted by specific therapies in the future.

To date, there is no available targeted molecular therapy against pediatric rhabdoid neoplasms, but currently a recently developed EZH2 inhibitor, is undergoing clinical trial in children with rhabdoid tumor and loss of SMARCB1 (NCT02601937). EZH2 is a catalytic subunit of the histone methytransferase PCR2 which is blocked by the intact SWI/SNF complex [START_REF] Tóth | An-368 drás et al, Primary rhabdoid cancer of the ileum: A case report 369 and review of the literature[END_REF]. When SMARCB1 is mutated, the accumulation of EZH2 promotes an undifferentiated state with maintenance of a "stem cell" program. Hedgehog-Gli pathway, Cyclin D1, Epidermal growth factor and Fibroblastic growth factor receptors [START_REF] Wöhrle | Fibroblast growth factor receptors as novel ther-386 apeutic targets in SNF5-deleted malignant rhabdoid tumors[END_REF] are other potential targets, which have been found to be up regulated in association with a disrupted SWI/SNF complex.

In view of the results obtained in the literature and in the independent cohort of undifferentiated CC studied in parallel, it seems advisable to evaluate the prognostic impact of the loss of expression of SMARCB1 by restricting the studied population to the poorly differentiated CC. The IHC could allow a pre-screening of mutated patients, who may one day benefit from tar-284 geted therapies.

285

In conclusion, loss of SMARCB1 expression is rare 286 (< 1%) in stage III CC, but more frequent (> 5%) in 287 poorly differentiated CC. Our study did not confirm 288 the association of loss of SMARCB1 with MMR nor 289 BRAF status, neither with poorer prognostic. 

Fig. 2 .

 2 Fig. 2. Kaplan-Meir survival curves comparing SMARCB1 negative (group 3) and SMARCB1 positive CC (groups 1 and 2). A: Recurrence-Free survival according to SMARCB1 status. B: DFS according to SMARCB1 status. C: Overall survival according to SMARCB1 status.
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  p t e d M a n u s c r i p t the low incidence of the SMARCB1 negative phenotype.
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	3. Results	128
	SMARCB1 immunostaining on TMA was inter-129
	pretable in 1695 out of 2043 (82.9%) patients with 130
	stage III CC of the PETACC8 trial. In the 1695 (18.6%) 131
	analyzed cases, 315 were poorly or undifferentiated 132

Table 1

 1 Correlation of loss of SMARCB1 to clinicopathological and molecular data. Clinical and pathological characteristics of patients with loss of SMARCB1 (group 3) compared with those of patients without loss of SMARCB1 (groups 1 or 2)

	Group 1	Group 2	Group 3	Total	p-value
	(N = 1235) (N = 448)	(N = 12)	(N = 1695)	

133

cording of histological grade (Table

1

). 147 Loss of SMARCB1 was not associated with poorer 148 survival (Supplementary file 2, Fig. 2). 149 Surprisingly, group 1 (with a conservation of 150 SMARCB1 expression) had a worse node status. But 151 this is irrelevant clinically and is probably due to a bias 152 related to the low number of cases in group 3.

153 Among the 23 poorly or undifferentiated CC of the 154 second cohort, we detected 2 (8.7%) cases with total 155 focal loss of SMARCB1; one was rhabdoid and the 156 other poorly differentiated (medullary and mucinous).

157 These 2 cases were deficient for MMR and mutated for 158 BRAF (Supplementary files 3 and 4). 159 Molecular mechanisms responsible for the loss of 160 SMARCB1 expression were investigated in the two 161 cases with total and focal loss. NGS allowed a mean 162 coverage of 699X and 488X over the whole design in 163 those two cases and a minimal coverage of 100X for 164 SMARCB1, but did not reveal any pathogenic variant 165 in the coding sequence, nor at the hotspot within intron 166 1 of SMARCB1. Copy number profile also assessed by 167 NGS revealed neither large deletion nor duplication in 168 SMARCB1. Interestingly, we detected a large region of 169 copy-neutral loss of heterozygoty (LOH) encompass-170 ing the whole SMARCB1 locus in one of the cases.

179

The incidence of loss of SMARCB1 in CC was 180 initially reported to be 11% (15/134)

[START_REF] Pancione | The chromatin remodelling component SMARCB1/INI1 influences the metastatic behavior of colorectal cancer through a gene signature mapping to chromosome 22[END_REF]

. However,
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