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ABSTRACT 

Differential diagnosis between Constitutional Mismatch Repair Deficiency (CMMRD) and 

Neurofibromatosis type 1 (NF1) is crucial as treatment and surveillance differ. We report the 

case of a girl with a clinical diagnosis of sporadic NF1 who developed a glioblastoma. 

Immunohistochemistry for MMR proteins identified PMS2 loss in tumor and normal cells and 

WES showed the tumor had an ultra-hypermutated phenotype, supporting the diagnosis of 

CMMRD. Germline analyses identified two variants (one pathogenic (PV) and one classified 

as VUS) in the PMS2 gene and subsequent functional assays on blood lymphocytes confirmed 

the diagnosis of CMMRD. The large plexiform neurofibroma of the thigh and the freckling 

were however more compatible with NF1. Indeed, a NF1 PV (VAFs of 20%, 3% and 9% and 

in blood, skin and saliva samples, respectively) was identified confirming a mosaicism for NF1. 

Retrospective analysis of a French cohort identified NF1 mosaicism in blood DNA in 2/22 

patients with CMMRD, underlining the existence of early post-zygotic PV of NF1 gene in 

CMMRD patients whose tumors have been frequently reported to exhibit somatic NF1 

mutations. It highlights the potential role of this pathway in the pathogenesis of CMMRD-

associated gliomas and argues in favor of testing MEK inhibitors in this context. 
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INTRODUCTION 

Neuro-cutaneous syndromes are associated with the risk of brain tumor, the most frequent being 

neurofibromatosis type 1 (NF1)[1] for which café-au-lait macule (CALM) is often the most 

obvious clinical sign in young patients. Other conditions such as Constitutional Mismatch 

Repair Deficiency (CMMRD) syndrome[2–4] can also be associated with brain tumors and 

CALMs. Pilocytic astrocytoma[5] (WHO grade I), often located in the optic pathway (optic 

pathway glioma), is the typical brain tumor observed an NF1 child or adolescent, whereas 

CMMRD patients of this age develop malignant tumors (mainly high-grade gliomas and 

medulloblastomas). 

In CMMRD, patient’s prognosis is worse, the risk of successive tumors is considerably higher 

and therapeutic strategies clearly differ. Unfortunately, the phenotypic overlap between these 

two cancer predisposing syndromes may lead to a delayed diagnosis of CMMRD in some 

patients[6–8]. We describe here the case of a patient, initially diagnosed with NF1, in whom 

CMMRD syndrome was suspected after the occurrence of a glioblastoma. Genetic testing 

identified germline pathogenic variants (PV) of both PMS2 alleles. Nevertheless, a PV in NF1 

was detected in a mosaicism form in DNAs from blood, skin, and saliva. Our observation raises 

important issues with respect to diagnosis and pathogenesis of CMMRD-associated glial 

tumors.  

 

PATIENTS AND METHODS 

 

Patients  

After the identification of a mosaic NF1 in a CMMRD patient, we questioned the frequency of 

NF1 mosaicism in a series of 22 French patients diagnosed with CMMRD and for whom blood 
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samples were available for DNA analysis. For all the patients, consents for genetic testing have 

been obtained from the parents/patients, according to research ethics requirements during a 

genetic counseling. CMMRD was confirmed in case of the identification of two variants in any 

of the four MMR genes, classified as (likely) PV and confirmed to be in trans by genetic testing.  

For patients with mono or biallelic variant(s) of unknown significance (VUS), confirmation of 

constitutional microsatellite instability (MSI) by a functional test (see below) was performed to 

confirm the diagnosis of CMMRD. Clinical and molecular data of CMMRD-patients were 

collected in the "Observatory of Genetic Cancer Predisposition Syndromes in Children and 

Adolescents" French database (Observatoire des syndromes de prédisposition génétique au cancer 

des enfants et des adolescents, PREDCAP, IRB00003888).  

 

Nucleic acids extractions and next generation sequencing 

DNA extraction and experiments were performed at the next-generation sequencing (NGS) 

panel facility of Gustave Roussy, Villejuif and Cochin Hospital, Paris (Assistance Publique- 

Hôpitaux de Paris, AP-HP). NF1 was sequenced in the patient and in a large series of 22 

CMMRD-patients for whom blood samples were available, using a targeted NGS panel, as 

previously described[9,10]. Sequencing libraries were prepared from 10ng of DNA per sample 

according to the TruSeq Custom Amplicon Library Preparation Guide (Illumina, San Diego, 

CA). The custom primer panel targets the entire NF1-coding exons, intron boundaries (25 bp), 

and the 5′ and 3′ untranslated regions (UTRs) with amplicons with an average size of 150 bp. 

The pooled libraries were paired-end (2 × 150) and sequenced with NextSeq 500 Mid Output 

Kit v2 on a NextSeq500 instrument (Illumina). The number of samples tested per run was 

adapted to allow an increase in sequencing depth (mean sequencing depth per sample: 1,500X). 

After demultiplexing and generation of FASTQ files, the sequence analysis was performed 

according to the Genome Analysis Tool Kit (GATK) guidelines. Sequence alignment, variant 
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calling, and variant annotation were performed using the MOABI pipeline and Polyweb 

pipeline (Paris Cité University). The VAF threshold used for the analysis was set at 3% to detect 

low mosaic variations. Variants were named at the coding DNA, RNA, and protein levels 

according to the Human Genome Variation Society recommendations. An assessment of 

variants’ pathogenicity was performed according to the American College of Medical Genetics 

and Genomics and the Association for Molecular Pathology guidelines. Assessment of variants 

implication was mainly performed based on population databases (gnomAD), variant databases 

(ClinVar, HGMD, LOVD, and COSMIC), and prediction software. In silico predictions of the 

effect of the variant were performed with CADD, SPiP, dbscSNV, Human Splice Finder, and 

PROVEAN. For the patients in whom a mosaic was identified in NF1, the PV was also searched 

by sequencing in samples of different origin (i.e saliva and skin).  

 

Additional and functional tests for CMMRD diagnosis 

An immunohistochemical (IHC) analysis of PMS2, MLH1, MSH2 and MSH6 protein 

expression in non-neoplastic cells was performed using formalin-fixed paraffin-embedded 

(FFPE) tumor sections available to assess loss of the affected MMR protein.  

Due to the presence of a VUS of the PMS2 gene, functional tests, i.e methylation tolerance 

(MT) and ex vivo microsatellite instability (evMSI) assays[11] were performed on immortalized 

lymphocytes. Studies were completed with NGS-based analysis of the large panel of selected 

markers, recently published by Gallon et al.[12].   

 

RESULTS 

1. Case presentation (patient 1) 

We describe the case of a girl who presented numerous CALMs, bilateral axillar freckling, and 

a plexiform neurofibroma of the right thigh (Figure 1.a, b, c), suggesting NF1[13], but no 
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molecular screening for NF1 was performed at the time of diagnosis. No history of tumor or 

NF1 phenotype in relatives have been reported. She had been treated for scoliosis since the age 

of 4. She had an ophthalmological screening at the age of 6 which did not find neither Lisch 

nodules nor visual alteration, but no brain MRI was performed during childhood.  

At the age of 16, she was diagnosed with a right posterior parieto-occipital brain tumor revealed 

by headaches accompanied by hypoesthesia of the left upper limb. Brain MRI showed two 

synchronous contiguous lesions with a contrast enhancement, peripheral edema and infiltration 

towards the corpus callosum. Multiple developmental venous brain anomalies were also 

reported but no focal area of signal intensity on T2/FLAIR was observed. A partial excision of 

the occipital part of the tumor was performed allowing for pathological diagnosis and somatic 

molecular analyzes. The histopathology examination of the tissue biopsy revealed a 

glioblastoma with a few giant or multinucleated cells. IHC staining demonstrated expression of 

OLIG2, ATRX, and P53 in the tumor cells. The occurrence of a high-grade glioma, a typical 

CMMRD-associated pediatric tumor, raised doubts about the NF1 diagnosis. Thus 

immunostaining for MMR protein expression was performed and showed PMS2 loss in normal 

and tumor cells. Whole-tumor-exome sequencing revealed a typical pattern for CMMRD 

associated tumor[14] with an ultra-high tumor burden (229 mut/Mb; above the threshold of 100 

mut/Mb defined for ultra-hypermutator phenotype), a somatic POLE driver PV (c.857C>G 

p.Pro286Arg), multiple PVs in genes such as NF1 (two variants: c.2033dup p.(Ile679Aspfs*21) 

and c.532G>T p.(Glu178*)), PMS2 (two variants: c.695G>T p.(Gly232Val) and 

c.2275+1G>A), TP53, ATR and FANCA (Table 1). Neither IDH1 p.Arg132His somatic 

mutation, nor histone H3K27M or H3G34R/V somatic mutation were found. No microsatellite 

instability (MSI) (2.4% i.e., 202/7940) was reported according to MSI sensor 

(https://github.com/ding-lab/msisensor).  
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In view of the patient’s phenotypic and tumor characteristics, constitutional genetic analyzes 

were performed after genetic counselling. Germline genetic analysis revealed two different 

variants (compound heterozygous) in the PMS2 gene identified by NGS on two independent 

blood samples: one (c.2275+1G>A) classified as pathogenic inherited from the mother and the 

second (c.695G>T,p.(Gly232Val)), initially classified as VUS inherited from the father. In 

addition, the germline genetic analysis also identified a PV in the exon 18 of the NF1 gene 

(NM_001042492.3): c.2033dup, p.(Ile679Aspfs*21) (variant allele frequency (VAF): ~20% in 

a blood sample, 3% in a skin sample, and 9% in a saliva sample) confirming the diagnosis of a 

mosaic NF1 associated with CMMRD in the patient (Supp Figure S1). Cultured fibroblasts 

were enriched with cells with the NF1 PV (VAF=50% by Sanger sequencing).  

Since one PMS2 variant was classified as VUS, we performed additional ancillary testing in 

order to confirm the diagnosis of CMMRD. Functional assays demonstrated that the cells of the 

patient displayed methylation tolerance and ex vivo MSI[11], confirming the diagnosis of 

CMMRD although analyzes showed clear microsatellite instability only after prolonged culture. 

The patient was included in the study of R. Gallon et al.[12], her cMSI score confirmed the 

diagnosis of CMMRD in this patient although she has one of the lowest cMSI score among the 

PMS2-associated CMMRD samples, probably due to the PMS2 missense variant causing their 

CMMRD syndrome. Based on these additional analyses, the c.695G>T p.(Gly232Val) PMS2 

variant was finally reclassified as likely pathogenic (class 4), according to the ACMG-AMP 

criteria[15]. 

After the partial surgery, the patient received adjuvant treatment combining radiotherapy to the 

right occipital lobe (54Gy at the rate of 1.8Gy per session) and immune check-point inhibition 

therapy with anti-PD1 as per the NIVOGLIO protocol (NCT04267146), without 

Temozolomide. She had a good clinical and radiological response with a significant decrease 

of the residual brain tumor and, as per protocol, immunotherapy was discontinued after one 
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year of treatment. She is in continuous remission 1.5 years after immunotherapy withdrawal 

and 2.5 years after the initial diagnosis. The identification of the CMMRD tumor predisposition 

syndrome enabled appropriate oncological surveillance to be proposed to this patient and her 

parents. Upper gastrointestinal endoscopy was normal. Colonoscopy at the age of 17, revealed 

a single 3 mm sessile polyp from the middle rectum, which has been excised. The pathological 

examination was in favor of a low-grade adenoma. 

 

2. Cohort analysis 

Among a series of 22 patients, we identified two additional patients with a NF1 mosaicism in 

blood DNA: c.4751dup, p.(Lys1585Glnfs*37) with VAF ~4% (100/2560 reads) for patient 2 

and c.184_185dup, p.(Leu62Phefs*2) with VAF ~16% (191/1167 reads) for patient 3 (Supp 

Figure S1). Patient 2 has previously been published in the C4CMMRD report on brain 

tumors[3]. He was diagnosed with CMMRD after occurrence of T lymphoblastic lymphoma, 

with identification of PMS2 biallelic germline PV (c.2007-2A>G, p.?). Subsequently, during 

childhood, he developed a brain anaplastic astrocytoma grade III (IDH-wild type with 

angiocentric features) with a loss of PMS2 expression by immunostaining and a high mutation 

load (rate = 184 coding SNV/Mb). He is still alive with stable disease after a recurrence of his 

brain tumor treated with a further focal radiation therapy 2.5 years ago. Clinically, he presents 

multiple CALMs with hypopigmented skin lesions but no neurofibroma or other NF1-

associated features. 

Patient 3 is the brother of a boy who developed an acute leukemia in the first years of life and 

a subsequent colonic adenocarcinoma, from which he died. Both brothers are carriers of 

compound heterozygous PMS2 PVs, (c.1020_1021del p.(Arg341Alafs*23) and exons 13-15 

deletion). CMMRD was identified in patient 3 prior to the occurrence of an acute B-

lymphoblastic leukemia (as young teenager) treated according to the French CAALL protocol. 
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He is in complete remission 2 years after the end of the treatment. He presents with thoracic 

CALMs with segmental distribution exclusively on the right thoracic side and disseminated 

hypopigmented skin lesions. Like his brother, he also has multiple pilomatricomas, some of 

which have been surgically removed. 

 

DISCUSSION 

We report 3 patients who carry a combination of a CMMRD syndrome caused by bi-allelic 

germline PMS2 PVs and a post-zygotic NF1 PV. For the patient 1, initially diagnosed with 

NF1, CMMRD was suspected after the occurrence of a glioblastoma. The tumor characteristics 

(i.e. IHC and high mutation burden) and additional functional assays confirm CMMRD in this 

patient. Accordingly, both parents had a Lynch syndrome. Identification of the CMMRD and 

Lynch underlying diseases enables appropriate oncological surveillance for the patient and her 

parents, to be proposed according to published recommendations[4,16,17].   

Since the first descriptions, the occurrence of CALM, especially with a segmental distribution, 

in patients with CMMRD is intriguing[18,19]. To date, only one patient carrying both a biallelic 

MMR PV and a de novo germline NF1 PV (c.3721C>T p.(Arg1241*)) has been reported[6,20], 

while no NF1 PV was reported in any of the other CMMRD cases in whom NF1 analysis was 

performed[6,19]. Our report highlights that NF1 postzygotic PVs exist in CMMRD-patients, 

and 3/23 (13%) patients have this combined genotype in the CMMRD cohort studied. Although 

tumor spectrum of CMMRD and NF1 may partly overlaps, tumor histologies are different 

between these two conditions. This observation underlines the fact that the identification of a 

mosaic NF1 PV does not rule out the diagnosis of CMMRD. Considering the rarity of such a 

situation associating CMMRD and a mosaic NF1 mutation, additional explorations to confirm 

or exclude CMMRD in patients with mosaic NF1 should however be proposed for patients with 
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one or more additional features strongly suggestive of CMMRD such as a typical CMMRD-

associated tumor, digestive polyps or a diagnosis of Lynch syndrome in one of the parents[2,7].  

The large size of the NF1 gene and its high mutation rate, reflected in the fact that at least 50% 

of all NF1 cases are sporadic, may render the NF1 gene highly susceptible to postzygotic 

mutations[18]. In addition, the c.2033dup variant identified in patient 1, is a hotspot variant in 

a 7 cytosine stretch which is the longest mononucleotide repeat in the NF1 coding regions. We 

can speculate that in CMMRD patients, post-zygotic mutations of NF1 may occur more 

frequently than in the normal population due to a non-functional MMR system. It is worth 

noting that the three NF1 mosaic variants identified in our study are all duplications (c.2033dup, 

c.4751dup, and c.184_185dup), suggesting a mechanism of replicative slippage mutagenesis 

favored by the MMR system deficiency. The very high frequency of NF1 somatic mutations in 

MMR-deficient tumors[21,22] and the lack of recurrent mutations reported in other large genes, 

also support the hypothesis that NF1 is a target of MMR deficiency. NF1 haploinsufficiency 

has been shown to increase astrocyte proliferation[23], is associated with increased 

angiogenesis[24] and perturbations of cell cycle and DNA repair pathways[25]. It is 

conceivable that NF1 heterozygous mutations may confer a growth advantage and a positive 

selection of NF1-mutated cells in a CMMRD context. We suggest that CMMRD may alter NF1 

at different developmental times and heightens the pressure to acquire NF1 postzygotic 

mutations early in development. For patient 1, the mutation probably appeared very early before 

the individualization of the neuro-ectodermal and mesenchymal leaflets. 

These three cases support the hypothesis that NF1-associated phenotypic features in CMMRD 

patients are a consequence of early NF1 mutations. In 2 out the 3 patients described, CALMs 

were segmental, which is consistent with the clinical features of usual mosaic NF1. In patient 

1, molecular analysis of the glioblastoma showed two hits in NF1 (including the mosaic PV), 

indicating the contribution of NF1 inactivation to the development of this cancer. The actual 
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impact of such genetic conditions on oncological risks for patients who carry both MMR and 

NF1 PVs remains to be determined. The risk of neurofibroma transformation in the context of 

NF1 is not negligeable[26]. Even though no malignant peripheral nerve sheath tumors 

(MPNST) have been reported as far as we know in CMMRD patients, it could be speculated 

that the risk of transformation could be higher in the context of MMR-deficiency. There is 

currently no evidence of the need for specific surveillance guidelines for plexiform 

neurofibroma in the context of CMMRD. Future study will have to analyze whether the current 

guidelines for patients with NF1-associated plexiform neurofibroma[27] are adapted for 

CMMRD patients.  

This report demonstrates that the phenotypic overlap between CMMRD and NF1 syndromes 

can sometimes be explained by mosaic NF1 and suggests the involvement of the RAS-MAPK 

pathway in the pathogenesis of CMMRD-associated glial neoplasms. These observations 

support the previous suggestion[22] to explore the combination of MEK inhibitors with 

immune checkpoint inhibitors for the treatment of these tumors.  
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LEGENDS 

Figure 1 

Skin features of the patient 1  

(a) axillar frecklings, (b) plexiform neurofibroma of the right thigh, (c) numerous café-au-lait 

macules. 

 

Table 1  

Molecular analysis of patient 1: Germline and somatic alterations identified by RNA 

sequencing and whole exome sequencing of blood and tumor (glioblastoma, percentage of 

tumor cells: 80%). 
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Table 1  

Gene 
name 

Variant 
classific

ation 
HGVSc HGVSp Consequence 

Constitutio
nal DNA 
VAF (%) 

Tumor 
DNA 

VAF (%) 

Tumor 
RNA 

VAF (%) 

PMS2 
PV / 
SNV 

NM_000088.4: 
c.695G>T 

NP_000526.2: 
p.(Gly232Val) Missense variant 55 50 68 

NF1 
PV / 

insertion 
NM_000267.3: 
c.2033dup 

NP_000258.1: 
p.(Ile679Aspfs*21) 

Frameshift 
variant 20 47 0 

PMS2 PV / 
SNV 

NM_000535.7: 
c.2275+1G>A . Splice donor 

variant 45 29 0 

TP53 PV / 
SNV 

NM_000546.6: 
c.817C>T 

NP_000537.3: 
p.(Arg273Cys) Missense variant . 48 77 

FANCA 
PV / 
SNV 

NM_000135.4: 
c.3624C>T 

NP_000126.2: 
p.(Ser1208=) 

Splice region & 
synonymous 
variant 

. 47 0 

TGFBR2 PV / 
SNV 

NM_003242.6: 
c.1336G>A 

NP_001020018.1: 
p.(Asp446Asn) Missense variant . 46 15 

SETD2 PV / 
insertion 

NM_001349370.3: 
c.4087dup 

NP_001336299.1: 
p.(Arg1363Lysfs*8) 

Frameshift 
variant . 45 22 

SMO PV / 
SNV 

NM_005631.5: 
c.1965G>A 

NP_005622.1:  
p.(Trp655*) Nonsense . 44 42 

KDM6A PV / 
SNV 

NM_001291415.2: 
c.4207C>T 

NP_001278344.1: 
p.(Arg1403*) Nonsense . 41 0 

POLE PV / 
SNV 

NM_006231.4 
c.857C>G 

NP_006222.2: 
p.(Pro286Arg) Missense variant . 41 58 

ATR PV / 
SNV 

NM_001184.4: 
c.7597C>T 

NP_001175.2: 
p.(Arg2533*) Nonsense . 38 31 

NF1 PV / 
SNV 

NM_000267.3: 
c.532G>T 

NP_000258.1:  
p.(Glu178*) Nonsense . 37 50 

APC PV / 
SNV 

NM_000038.6: 
c.2626C>T 

NP_000029.2:  
p.(Arg876*) Nonsense . 34 50 

TP53 
PV / 
SNV 

NM_001126112.3: 
c.586C>T 

NP_001119584.1: 
p.(Arg196*) Nonsense . 30 0 

PPP2R1
A 

PV / 
SNV 

NM_001363656.2: 
c.7C>T 

NP_001350585.1: 
p.(Arg3Trp) Missense variant . 25 28 

ARID1B 
PV / 
SNV 

NM_001346813.1: 
c.2455C>T 

NP_001333742.1: 
p.(Gln819*) Nonsense . 14 16 

 

Abbreviation: VAF: variant allele frequency, PV: pathogenic variant, SVN : small nucleotide 

variant
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