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Profil génomique des neuropathies anti-MAG

Genomic profile in anti-MAG neuropathies

Abstract Background

Anti-MAG neuropathy is a rare acquired polyneuropathy associated with IgM monoclonal protein produces by an underlying B lymphoproliferative disorder. In mature small B-cell lymphoid neoplasms, genomic studies have revealed numerous clonal mutations.

Patients and Methods

Samples from 27 anti-MAG neuropathy patients and 41 Waldenström's macroglobulinemia (WM) controls were included in this study. MYD88 L265P was detected using allele specific PCR.

Mutational status of MYD88, CXCR4, TP53, SF3B1, ATM and NOTCH1 genes was assayed by targeted high throughput sequencing.

Results

Lymphoproliferative disorders associated with anti-MAG neuropathy are 

INTRODUCTION

Demyelinating neuropathy associated with antibodies against myelin-associated-glycoprotein (MAG) is a part of the acquired chronic immune-mediated neuropathies [START_REF] Latov | Diagnosis and treatment of chronic acquired demyelinating polyneuropathies[END_REF]. Anti-MAG neuropathy usually affects patients after the sixth decade and is predominantly sensory in the lower limbs. Frequently, invalidating tremor, sensory ataxia and painful paresthesia are present.

Evolution is usually slow, gradually causing disability but some patients experience a more severe progressive course due to ataxia and dysesthesia. Motor involvement, if present, usually occurs late in the course of the disease [START_REF] Ellie | Neuropathy associated with "benign" anti-myelin-associated glycoprotein IgM gammopathy: clinical, immunological, neurophysiological pathological findings and response to treatment in 33 cases[END_REF][START_REF] Niermeijer | Prognosis of polyneuropathy due to IgM monoclonal gammopathy: a prospective cohort study[END_REF][START_REF] Hospital | Immunotherapy-based regimen in anti-MAG neuropathy: results in 45 patients[END_REF][START_REF] Nobile-Orazio | Long-term prognosis of neuropathy associated with anti-MAG IgM M-proteins and its relationship to immune therapies[END_REF][START_REF] Pruppers | Recent advances in outcome measures in IgM-anti-MAG+ neuropathies[END_REF][START_REF]Joint Task Force of the EFNS and the PNS. European Federation of Neurological Societies/Peripheral Nerve Society Guideline on management of paraproteinemic demyelinating neuropathies. Report of a Joint Task Force of the European Federation of Neurological Societies and the Peripheral Nerve Society--first revision[END_REF]. This paraproteinaemic neuropathy is related to a monoclonal B-cell which secrets a monoclonal immunoglobulin M (IgM) with an activity directed against a glycoprotein of non-compact myelin: MAG [START_REF] Lunn | Anti-myelin-associated glycoprotein antibodies alter neurofilament spacing[END_REF][START_REF] Hays | Experimental demyelination of nerve induced by serum of patients with neuropathy and an anti-MAG IgM M-protein[END_REF][START_REF] Nobile-Orazio | Peripheral neuropathy in macroglobulinemia: incidence and antigen-specificity of M proteins[END_REF]. The underlying lymphoproliferative disorder can be a Waldenström's macroglobulinemia (WM), a non-Hodgkin's lymphoma or, more frequently, a monoclonal gammopathy of undetermined significance (MGUS) [START_REF]Joint Task Force of the EFNS and the PNS. European Federation of Neurological Societies/Peripheral Nerve Society Guideline on management of paraproteinemic demyelinating neuropathies. Report of a Joint Task Force of the European Federation of Neurological Societies and the Peripheral Nerve Society--first revision[END_REF][START_REF] Jacobs | Morphological changes at paranodes in IgM paraproteinaemic neuropathy[END_REF].

Whole-genome sequencing has recently improved our understanding of the molecular mechanisms of lymphoproliferative disorders. Initially described in diffuse B-cell lymphomas [START_REF] Ngo | Oncogenically active MYD88 mutations in human lymphoma[END_REF], myeloid differentiation primary response gene 88 (MYD88) L265P is the most prevalent somatic mutation found in WM and IgM-MGUS [START_REF] Treon | MYD88 L265P somatic mutation in Waldenström's macroglobulinemia[END_REF][START_REF] Landgren | MYD88 L265P somatic mutation in IgM MGUS[END_REF]. Acting as a trigger for nuclear factor-ĸB (NFĸB) signaling, this mutation is an independent predictor of progression of IgM-MGUS to WM [START_REF] Varettoni | MYD88 (L265P) mutation is an independent risk factor for progression in patients with IgM monoclonal gammopathy of undetermined significance[END_REF]. These findings suggest that MYD88 L265P mutation plays an early oncogenic role in WM pathogenesis [START_REF] Xu | MYD88 L265P in Waldenström macroglobulinemia, immunoglobulin M monoclonal gammopathy, and other B-cell lymphoproliferative disorders using conventional and quantitative allele-specific polymerase chain reaction[END_REF]. In contrast, MYD88 L265P is absent or rarely expressed in other IgMsecreting disorders and may be used to distinguish WM from other related B-cell disorders such as IgM-secreting multiple myeloma, nodal and extranodal marginal zone lymphoma [START_REF] Treon | MYD88 L265P somatic mutation in Waldenström's macroglobulinemia[END_REF][START_REF] Xu | MYD88 L265P in Waldenström macroglobulinemia, immunoglobulin M monoclonal gammopathy, and other B-cell lymphoproliferative disorders using conventional and quantitative allele-specific polymerase chain reaction[END_REF]17].

In addition to MYD88 L265P , a variety of other recurrent genetic alterations have been identified

in small B cell lymphomas. At least 30 different types of somatic C-terminal mutations in CXCR4 have been reported in WM and are similar to those observed in WHIM syndrome (warts, hypogammaglobulinemia, infections, myelokathexis), a congenital immunodeficiency disorder characterized by chronic non-cyclic neutropenia [18][19][20][21]. CXCR4 WHIM mutations block receptor internalization in myeloid cells after stimulation by its unique ligand CXCL12, resulting in persistent CXCR4 activation [22]. TP53 and ATM aberrations have also been described in WM [23]. NOTCH1 and SF3B1 mutations have been detected in hematologic malignancies such as chronic lymphoid leukemia (CLL) [24][25][26]. A better knowledge of these somatic mutations may be relevant for the management of anti-MAG neuropathy patients.

Therefore, our purpose is to assess clonal mutations frequency in patients with this rare polyneuropathy.

PATIENTS AND METHODS

Patients and samples

We evaluated 27 cases of anti-MAG neuropathy (anti-MAG group) from the clinical files of Rennes University Hospital, Saint-Brieuc General 

RESULTS

The clinical, biological and molecular characteristics of the two groups are summarized in Patient n°15 also carries calreticulin (CALR) mutated essential thrombocythemia.

According to the MYD88 status, no significant difference was found in the clinical presentation of anti-MAG neuropathy: age (p=0,68), paresthesia/dysesthesia (p=0,62), sensory deficit (p=0,63), motor deficit (p=0,65), ataxia (p=1), pain (p=0,4). Neither in the biological data: anti-MAG antibodies titer (p=0,79), hemoglobin (p=0,85), platelets count (p=0,85), white blood cells count (p=0,87), monoclonal protein (p=0,60).

In WM group, there are 29 untreated and 12 previously treated patients. All the treated patients were in relapse at the time of sampling. Among them, 8 received one line of chemotherapy, 2 two lines and 2 three lines including combinations of Rituximab, Cyclophosphamide, Dexamethasone, Bendamustine, Fludarabine, Bortezomib and Idelalisib. There was no case of familial WM. Mutational analyses were performed in 24 BM aspirates (20 at diagnosis, 4 at relapse) and 17 peripheral blood samples (9 at diagnosis, 8 at relapse). In 4 cases, BM involvement data is missing due to an absence of available archived BM biopsies. We detected 39 (95,2%) MYD88 L265P cases. All of which were detected with AS-PCR assays and 28 (68,3%) with HTS assays. We found a significant correlation between clonal cells infiltration in flow cytometry and MYD88 L265P VAF (Figure 3). CXCR4 WHIM is detected in 8 (19,5%) cases in the WM group. All patients with CXCR4 WHIM also harbored the MYD88 L265P mutation. Patients with the MYD88 L265P CXCR4 WHIM status have significantly lower hemoglobin, a lower platelets count and a higher BM involvement than patients with a MYD88 L265P CXCR4 WT profile as shown in Table 3. TP53, ATM and SF3B1 variants were found in 3, 3 and 2 cases respectively.

We did not identify NOTCH1 variants. Results are presented in Figure 2 and in Table 4. More detailed informations is provided in the supplementary Table S1.

DISCUSSION

Summary of evidence

This is the first study that assesses somatic mutations in B lymphoproliferative disorders associated with anti-MAG neuropathy. The demographic features of our patients do not differ from previous studies: median age at diagnosis of 69 years and sex ratio of 2:1 favoring males [START_REF] Hospital | Immunotherapy-based regimen in anti-MAG neuropathy: results in 45 patients[END_REF]35,36]. MYD88 L265P is expressed in 66,7% of anti-MAG neuropathy with 91,7% and 52,7%

in patients with WM and with IgM-MGUS respectively. Similar proportions are already described in literature [START_REF] Treon | MYD88 L265P somatic mutation in Waldenström's macroglobulinemia[END_REF][START_REF] Landgren | MYD88 L265P somatic mutation in IgM MGUS[END_REF][START_REF] Varettoni | MYD88 (L265P) mutation is an independent risk factor for progression in patients with IgM monoclonal gammopathy of undetermined significance[END_REF][START_REF] Xu | MYD88 L265P in Waldenström macroglobulinemia, immunoglobulin M monoclonal gammopathy, and other B-cell lymphoproliferative disorders using conventional and quantitative allele-specific polymerase chain reaction[END_REF][17][37][38][39] and also seen in our WM control group (95,2%).

The principle finding from this study is the specific mutational MYD88 L265P CXCR4 WT presentation of anti-MAG neuropathy patients. Indeed, we did not observe any anti-MAG neuropathy patient with the MYD88 L265P CXCR4 WHIM profile compared to 19,5% in WM group.

It has been shown that somatic MYD88 and CXCR4 mutations are determinants in the clinical presentation of WM. MYD88 L265P CXCR4 WHIM/Non-sense patients present with higher BM disease involvement, higher serum IgM levels and symptomatic disease including hyperviscosity syndrome [21]. Mutations in CXCR4 are also associated with a lower hemoglobin, white cell count and platelets count [40]. We found similar results in hemoglobin, platelets count and medullar involvement comparing WM patients according to CXCR4 status. All this suggests a higher activity disease therefore requiring more intensive treatment. By demonstrating an association between anti-MAG neuropathy and MYD88 L265P CXCR4 WT profile in clonal B cells, our study highlights a new clinical impact of MYD88 and CXCR4 expression in lymphoproliferative disorders. We hypothesize that CXCR4 WT patients may develop a clinical anti-MAG neuropathy over time due to a less aggressive course of their hematological malignancy.

Interestingly, we also report somatic mutations rarely described in WM. In 53 WM patients among the anti-MAG and WM groups, 5 (9,4%) ATM, 3 (5,7%) TP53, 2 (3,8%) SF3B1 and 2 Nadeu et al. in CLL [46], our findings suggest that targeted HTS may become a common approach for the assessment of genomic alterations and may be relevant for management strategies of anti-MAG neuropathy patients.

Limitations

Among lymphomas, WM presents one of the most important discordance in clonal cells infiltration between BM and peripheral blood [64,65]. This should be remembered when interpreting sequencing results regarding the sample infiltration. It also depends of the sensitivity of the used technique. Our AS-PCR reached a sensitivity of 0.1% of mutated cells which can detect MYD88 mutations in low infiltrated samples observed by conventional immunohistochemistry of flow cytometry. In WM, Xu et al. recently showed that AS-PCR has a similar sensitivity to detect MYD88 L265P mutation in BM and in peripheral blood. Among cases with MYD88 L265P mutation detected in BM, 98% are also positive in peripheral blood.

This level declines to 83% in peripheral blood assays of IgM-MGUS [66], which are defined with no histological evidence of infiltration by lymphoplasmocytic cells [37]. This demonstrates a high risk of false negative results in low infiltrated samples (peripheral blood samples, IgM-MGUS) compared to massive clonal cells infiltration in BM samples of symptomatic WM. That is why only positive AS-PCR results can be interpreted in a low infiltrated samples to avoid false negative results. We must be careful with a test performed on a low infiltrated sample, such as blood, before reaching the conclusion of a false identification of WM with MYD88 WT status. Therefore in clinical practice, we propose to establish MYD88

status with medullar assessment in some patients whose findings are negative in peripheral blood. Moreover, we selected a positive threshold of 2% for HTS analysis in order to avoid false positive results. This decrease in sensitivity explains that 57/58 (98,3%) MYD88 L265P

variants have been assessed with AS-PCR and only 37/58 (63,8%) with HTS assays among our two groups of patients. We also show a relevant correlation between cells infiltration and VAF.

When no clonal infiltration is found with flow cytometer, VAF may be inferior to HTS sensitivity threshold. Consequently, detection of CXCR4, TP53, SF3B1, ATM and NOTCH1 mutations with our routinely performed targeted HTS may not be relevant in discrepant cases (MYD88 L265P AS-PCR positive / HTS negative) and especially in poorly infiltrated samples.

Additionally, we identify CXCR4 WHIM in 19,5% of cases in the WM group. In literature, CXCR4 WHIM is seen in 27-43% of untreated WM [20,40,67,68]. Variations in studies probably reflect differing degrees of infiltration, but also diverse techniques and primers used to assess the mutation. So, we recommend reserving HTS to phenotypically infiltrated sample.

Secondly, we did not assay anti-MAG antibodies in the WM control group in the absence of stored serum. However, no patient of the WM group presented with clinical polyneuropathy.

Furthermore, only 6,7% of patients with IgM monoclonal gammopathy without neuropathy present with anti-MAG antibodies [69].

We found a relevant and statistical difference between CXCR4 WHIM expression in anti-MAG neuropathy and WM groups. This is probably due to a lack of power, that there is no statistical significance comparing subgroups of WM patients with neuropathy to those WM without neuropathy. Indeed, anti-MAG neuropathy is a rare polyneuropathy with an estimated prevalence of about 0,42 per 100 000 [70]. In addition, we identified only 5 patients with an IgM-MGUS diagnosis and available stored cells in our center. Consequently, we did not compare anti-MAG patients to a second control group composed of IgM-MGUS.

Finally, it should be kept in mind that we did not assess cytogenetic aberrations with karyotype except in one patient. In a prospective study of 174 untreated WM, 6q deletions (30%), trisomy 18 (15%), 13q deletions (13%), 17p deletions (8%), trisomy 4 (8%), and 11q deletions (7%)

were found [23]. Therefore, we cannot exclude a misestimating of TP53 and ATM alterations due to 17p and 11q deletions respectively.

Perspectives

So far, no treatment has proved to be effective in anti-MAG neuropathy and all randomized controlled trials have been negative [35,71]. MYD88 is known to play a role of adaptor in modulating Toll-like receptor and interleukin-1 receptor signaling through interactions with interleukin-1 receptor-associated kinase (IRAK). In addition, MYD88 L265P triggers Bruton tyrosine kinase (BTK) and downstream NFĸB signaling independent of IRAK1 [START_REF] Treon | MYD88 L265P somatic mutation in Waldenström's macroglobulinemia[END_REF]39,[72][73][74][75].

Consequently, high frequency of MYD88 
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 3 8%) NOTCH1 somatic variants are identified by our HTS assay. These somatic mutations are already well-known in CLL[24]. ATM plays a central role in maintaining genomic integrity and is required to prevent B-cell lymphomagenesis[41]. Somatic mutations or deletions (chromosome 11q) of ATM are observed in several sporadic human lymphoid malignancies[42,43]. Thus, deletions of chromosome 11q are associated with a severe clinical phenotype and reduced survival in CLL[44]. In our WM control group, the 3 ATM variants with VAF close to 50% (p.G2023R, p.H1264Fs and p.S333F) can be considered as germ line variants heterozygosity. These germ line variants can be considered pathogenic because they may influence disease progression through loss of the other allele[45,46]. Located on the short arm of chromosome 17, TP53 is a transcription factor. It functions as a key tumor suppressor and as a master regulator of various signaling pathways. TP53 protein plays a crucial role in a variety of cellular processes, including cell cycle arrest, apoptosis, DNA repair, genomic stability, cell differentiation, and senescence[47][48][49][50]. Its importance is reflected by the fact that it can be altered in about 50% of human cancers[51,52]. In one of our patients with anti-MAG neuropathy, TP53 mutation (p.S241F) was also be associated with the CALR mutated essential thrombocythemia[53]. SF3B1 gene encodes a component of spliceosome and is frequently mutated in 10-17% of cases of CLL[54][55][56]. While no links between mutations of genes for spliceosome machinery and CLL pathogenesis have yet been described, SF3B1 mutations have added independent prognostic value[57]. The oncogenic role for NOTCH signaling has been well defined in T-cell malignancies[58,59] and more recently in B-cell malignancies[60]. Its mutational incidence has been reported with a variable range inCLL [24,25,61]. NOTCH1 protein belongs to a family of four transmembrane receptors (i.e. NOTCH1-4) and five ligands, expressed on the cell surface. It acts as a ligand-activated transcription factor, affecting the implementation of differentiation, proliferation and apoptotic programs [62]. Among others, NOTCH signaling activates antiapoptotic mechanisms via NFĸB pathways [63]. As shown by
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 12 Figure 1. Agarose gel-based conventional AS-PCR assay for detection of MYD88 L265P
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 3 Figure 3. Correlation between clonal cells infiltration in flow cytometry and MYD88 L265P variant allelic frequency

Résumé Introduction

  La neuropathie anti-MAG est une polyneuropathie acquise rare associée à une IgM monoclonale produite par un syndrome lymphoprolifératif B sous-jacent. Les études génomiques ont révélé de nombreuses mutations clonales dans les hémopathies B de bas grade.

	Patients et méthodes
	Les échantillons de 27 patients atteints de neuropathie anti-MAG et de 41 contrôles atteints de
	maladies de Waldenström (WM) ont été inclus. La mutation MYD88 L265P a été analysée par
	PCR allélique spécifique. Le statut mutationnel des gènes MYD88, CXCR4, TP53, SF3B1, ATM
	Discussion
	La mutation MYD88 L265P est fréquemment observée dans les neuropathies anti-MAG. Le profil
	MYD88 L265P CXCR4 Wild-type est associé à cette neuropathie paranéoplasique définissant un
	nouveau lien entre le statut mutationnel et le phénotype clinique associée aux hémopathies B
	de bas-grade. Ces éléments ouvrent la porte à de nouvelles voies thérapeutiques.

et NOTCH1 a été étudié par un séquençage ciblé haut débit.

Résultats

Les hémopathies associées aux neuropathies anti-MAG sont 13 gammapathies monoclonales de signification indéterminée (MGUS), 12 WM, un lymphome de la zone marginale splénique (MZL) et une lymphocytose B monoclonale. Dans ce groupe, la mutation MYD88 L265P est présente chez 53,8% des IgM-MGUS, 91,7% des WM et chez le MZL. Nous avons identifié respectivement 3,7%, 7,4% et 7,4% de variants dans les gènes TP53, ATM et NOTCH1. Aucune mutation de CXCR4 ni SF3B1 n'a été retrouvée. Dans le groupe contrôle de WM, MYD88 L265P est présente dans 95,2% des cas. Des mutations de TP53, ATM et SF3B1 sont respectivement retrouvées chez 7,3%, 7,3% et 4,9% des contrôles. Le profil mutationnel MYD88 L265P CXCR4 WHIM (19,5%) est significativement associé au groupe WM (p<0,05). Les patients MYD88 L265P CXCR4 WHIM ont des taux d'hémoglobine et de plaquettes inférieurs ainsi qu'un envahissement médullaire plus important que les patients identifiés MYD88 L265P CXCR4 Wild-type (p<0,05 pour chaque comparaison).

  Hospital and Cesson-Sévigné Private Hospital. All patients have IgM monoclonal gammopathy, anti-MAG antibodies, clinical and electrophysiological evidence of anti-MAG neuropathy according to Peripheral Nerve Society guidelines for chronic inflammatory demyelinating polyradiculoneuropathy made by European Federation of Neurological Societies[START_REF]Joint Task Force of the EFNS and the PNS. European Federation of Neurological Societies/Peripheral Nerve Society Guideline on management of paraproteinemic demyelinating neuropathies. Report of a Joint Task Force of the European Federation of Neurological Societies and the Peripheral Nerve Society--first revision[END_REF]. Anti-MAG antibodies were considered positive if DNA extracted from a mutated patient was used as a positive control and polyclonal control IVS0000 as a negative control. Fluidigm design team with a target size range of 150-160 bp. Target enrichment was performed according to the manufacturer's instructions using the Access Array System for Illumina Sequencing Systems (Fluidigm San Francisco, CA, USA). Then, purified libraries were sequenced with the Illumina MiSeq using MiSeq Reagent kit v2(MS-102-2002) 300 cycles (Illumina, San Diego, CA, USA). Data were analysed using house bioinformatics pipeline. Variants were analysed according to the depth and variant allele frequency (VAF),

	High throughput sequencing			
	Mutational status of MYD88, CXCR4, TP53, SF3B1, ATM and NOTCH1 genes were
	determined by targeted high throughput sequencing (HTS). A total of 234 enrichment primers
	were undertaken by the			
	MYD88 L265P detection by allele specific -polymerase chain reaction		
	Genomic DNA was extracted from BM or blood nuclear cells using Qiagen DNA extraction kit
	(Qiagen, Valencia, CA, USA) according to the manufacturer's recommendations. MYD88 L265P
	(NM_002468:ex5:c.794T>C:p.L265P) was screened by two allele specific -polymerase chain
	reactions (AS-PCR) using different forward primers with a single base substitution and the
	same reverse primer: forward MYD88 Wild-type(WT) 5'-GTGCCCATCAGAAGCGCCT-3',
	forward	MYD88 L265P	5'-GTGCCCATCAGAAGCGCCC-3',	reverse	5'-
	AGGAGGCAGGGCAGAAGTA-3'. Briefly, 250ng of DNA was amplified to a final volume
	of 50µL containing 0.2µM of primers (forward L265P or WT and reverse), 2mM of MgCl2,

superior to 1000 Bühlmann Titer Units (BTU) cutoff in ELISA. Nearby clinical, biological and histological data were retrospectively collected. Bone marrow (BM) infiltration was evaluated by immunohistochemistry on trephine biopsy and/or by flow cytometry on BM aspirate. BM aspirates and peripheral blood samples were all collected as part of routine care. Cells were stocked in the Hematological Laboratory from Rennes University Hospital. No new samples were collected. We compared the anti-MAG group to 41 patients with WM (WM group). WM was defined by the presence of an IgM monoclonal gammopathy of any concentration associated with medullar involvement by lymphoplasmocytic lymphoma according to consensus criteria diagnosis of the international recommendations [27-29]. All patients provided informed consent. Their participation was approved by the institutional ethics committee of Rennes University Hospital (notice n° 15.84). 0.2mM of dNTPs, 2.5U of TaqGold DNA polymerase and the Gold buffer. PCR consisted of an initial denaturation step (15 min at 94°C) followed by 35 cycles at 94°C for 30 s, 65°C for 30 s, and 72°C for 1 min, with a final extension step at 72°C for 10 min. Results were defined as negative, weak positive or positive depending on visualization of PCR products by 3% agarose gel electrophoresis as shown in Figure 1. their position and function in the coding sequence (hg19 refGene) [30], the cancer specific database COSMIC (Catalogue of Somatic Mutations in Cancer) [31], common polymorphism database (Exome Aggregation Consortium v0.3.1) [32] and bioinformatics prediction scores PolyPhen (Polymorphism phenotyping v2) [33] and SIFT (Sorting intolerant from tolerant)

[34]. Somatic mutations were defined as frameshift, stop gain or missense variants with a VAF higher than 2%, at least 5 reads, with a SIFT score <0,05, a not-"benign" PolyPhen prediction and not reported as a polymorphism.

Statistical analysis

Categorical variables were compared with the use of Fisher's exact probability test, and ordinal variables with the use of the Mann-Whitney U test. To perform calculations in serum protein, we arbitrarily chose a value of 1g/L when monoclonal protein was unquantifiable on immunoelectrophoresis. A Pearson correlation coefficient was used for linear comparisons. P values of 0,05 or less were considered to indicate statistical significance. Calculations were performed with the use of the R statistical package (R Foundation for Statistical Computing).

Table 1 .

 1 In anti-MAG group, all patients (n=27) have symptomatic neuropathy. Paresthesia and dysesthesia are the first common manifestation of the neuropathy in 16 patients (59%). The underlying lymphoproliferative disorders are 13 IgM-MGUS (48,2%), 12 WM (44,4%) including 9 indolent and 3 symptomatic forms, one marginal zone lymphoma (MZL) with a splenic subtype and one monoclonal B-cell lymphocytosis (MBL) with a 5 Matutes score(3,7%). Two patients were previously treated for neuropathy: one with intravenous immunoglobulins (IVIg) and one with IVIg then Cyclophasmide. No subject received a

	treatment for hematological indication before sample collection. Sequencing was assessed in
	21 BM aspirates and 6 peripheral blood samples. MYD88 L265P is detected in 19 subjects
	(70,3%). Among them, 18 (91,7%) are identified by AS-PCR and 10 (52,7%) by HTS assays.
	Nine discordant results are exclusively positive in AS-PCR (including 5 "weak positives" and
	4 "positives") and one in HTS assays. We identified MYD88 L265P in 7/13 IgM-MGUS (53,8%),
	in 11/12 WM (91,7%) and in the splenic MZL. We found one TP53, 2 NOTCH1 and 2 ATM
	mutations which are all associated with a MYD88

L265P status. We did not find CXCR4 or SF3B1 variants. Results are presented in Figure

2

and details in Table

2

. Karyotype done in the MZL patient (n°2) shows trisomy 19 and an abnormality on chromosome 17 without TP53 deletion.

Table 1 .

 1 L265P variants in anti-MAG neuropathy supports NFĸB pathway targeting and might represent a promising treatment option. Moreover, ibrutinib is a molecule inhibitor of BTK that triggers apoptosis of WM cells[75,76]. In 2015, ibrutinib demonstrated a sustained efficacy in previously treated patients with WM. In this study, Clinical, biological and mutational characteristics of anti-MAG and WM groups Bühlmann titer units; MAG, myelin associated glycoprotein; NS, not significant; SD, standard deviation; WBC, white blood cells; WHIM, warts, hypogammaglobulinemia, infections, myelokathexis ; WM, Waldenström's macroglobulinemia; WT, Wild type. † One patient in the anti-MAG group has biclonal IgM gammopathy. ‡ MYD88 status includes results from allele specific -PCR and high throughput sequencing.

	response to ibrutinib treatment is affected by MYD88 and CXCR4 mutation status since
	response rates are highest among patients with MYD88 L265P CXCR4 WT (100% overall response
	rate and 91.2% major response rate) [77]. In vitro experiments have also shown that engineered
	CXCR4 WHIM mutant cells show muted CXCR4 receptor internalization, which results in
	enhanced and prolonged AKT and ERK activation and contribute in resistance to the
	suppressive effects of ibrutinib and many others antineoplastic agents [67,78]. Thus,
	MYD88 L265P CXCR4 WT status may support therapeutic implications of ibrutinib for patients
	with anti-MAG neuropathy. However, we need further studies to expand on these findings and
	hypotheses.
	CONCLUSION
	As in WM and IgM-MGUS, MYD88 L265P mutation is highly observed in anti-MAG
	neuropathy. MYD88 L265P CXCR4 WT is associated with anti-MAG neuropathy and defines a new
	impact of mutational status on clinical phenotypes associated with small B-cell lymphoid
	neoplasms which may help to define new therapeutic options in the future.
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