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1. Learn about SAMD9 and SAMD9L syndromes and on the management of a child with

monosomy 7 in this context

2. Learn about MECOM syndrome

3. Learn about ERCC6L2 syndrome

Learning objectives of the webinar



Ataxia-Pancytopenia syndrome

Ataxia (hypoplastic cerebelum)

Cytopenias + predisposition to MDS/AML ± monosomy 7

1 large family: linkage analysis:

 mutation SAMD9L: c.2640C>A / p.His880Gln

Somatic mosaicism reported on peripheral blood samples

Chen & al, Am J Hum Genet, 2016



At that time:  

- FA?

- DC?

- Bloom?

Frederick P. Li & al, Am J Med, 1978

Monosomy C

Recent analysis of this

very family:

SAMD9L: mutation 

c.3587G>C/ p.Cys1196Ser



MIRAGE syndrome: Myélodysplasia

Infections

Restriction of growth

Adrenal hypoplasia

Genital phenotype

Entheropathy

Narumi & al, Nat Genet 2016

Syndromic adrenal hypoplasia

Monoallelic mutations

Very severe disease:

- Died from disease: 8/11

- Died ≤ 2 years: 7/8

N = 11 patients 



Systematic studies in patients with constitutional aplastic anemia likely to be constitutional

NB: FA was systematically excluded as were patients with identified classic IBMF like 

telomeropathies or other

N = 179 pts 

Median age at evaluation: 11 years

DNA extracted from fibroblastes +++

Whole exome sequencing

Group 1:  germinal variant identified :  86 pts (48%)  10 pts with SAMD9L 

mutations Group 2: VUS

Group 3: no variant  6 pts with SAMD9 mutations

A landscape of germline mutations in a cohort of inherited BMF patients

(9 families)

Bluteau & al, Blood 2018



SAMD9L patients





Sterile Alpha Motif-Domain containing protein 9

Functions still not completely known: proteins involved in inflammation and response to 
virus, in stress response, in tumor suppression & organ development

At the cellular level: involved in endosomal fusion and protein translation 

Variants in BMF syndromes: monoallelic AND gain-of-function

SAMD9 & SAMD9L genes

(Buonocore & al, 2019)

2 single exon genes with 60% homology 

(common ancestral gene)

Encode cytoplasmic proteins

In mice: only SAMD9L is present

Mice SAMD9L -/- and +/- develop 

myeloid malignancies

Nagamachu & al, Cancer Cell 2013



SAMD9 and SAMD9L mutated patients extra hematological phenotype

Sahoo & al, Nat Med 2021Davidson & al, Leukemia 2018



SAMD9/SAMD9L syndrome

Spontaneous hematological improvement associated with somatic mosaicism

In the French cohort: 11/13 pts (85%) w/o up front HSCT experimented hematological 

improvement including 5 patients with monosomy 7 disappearance (md FU: 4 yrs)

Actually 5 planned HSCT were canceled 

Bluteau & al, Blood 2018

Wait and watch attitude?

Many other studies did report on high incidence of monosomy 7

and of somatic genetic rescue in SAMD9 & 9L patients



SAMD9 & SAMD9L and childhood MDS

2 cohorts: 669 patients

SAMD9/9L: 8%: N = 67

- Mostly private mutations

- Hot spot: AA 635 to 998 (P-

loop/NTPase domains (middle region)

NB: high frequency (72%) of class 3 

variants (VUS)

SAMD9/SAMD9L cases:

- 90% classified as RCC

- 57% with constitutional abnormalities

- 38% with monosomy 7 or del(7q)
Sahoo & al, Nat Med 2021

Functional studies: expression of mutant

proteins in HEK293 cell line: 45/48 with

growth suppressive effect

Germany

Number of cases in the litterature at publication: N = 64



How to treat a patient with BMF & SAMD9 & 9L variant?
Main problem: HSCT indication. Especially if a monosomy 7 is present

Sahoo & al, Nat Med 2021

In this study:

61% of pts with SG:

- 21/41: somaticmut (mostly truncating)

and UPD7q

- 39/41: monosomy 7

29 pts underwent HSCT (43%) with good results:

Suppl. Table 14: 

To note: report on 15 pts w/o HSCT

All alive (age range: 1.5-23.1 years)



HSCT indication in children with SAMD9 & 9L variants (1)

Evident : blasts excess, complex karyotype, additional somatic variants in myeloid 

genes with “significant” VAF:

- present in 30% (19/64): SEPTB11, ASXL1, RUNX1, EZH2, PTPN11, CBL, ETV6

- associated with monosomy 7: 84% (16/19)

Other cases : is monosomy 7 an indication per se?

: do we have identified factors associated with clinical outcome & SGR?

Sahoo & al, Nat Med 2021

Some facts from EWOG/Saint-Jude study:
- Younger age at diagnosis is associated with the «remission group» & «stable disease group»

versus the HR/progression group

- UPD7q frequency correlates with young age at diagnosis

- Somatic mutations in cis correlate with germinal variant localized in the middle/C-ter region of both genes

Sahoo & al, Nat Med 2021

What about familial history?



Monosomy 7 and myeloïd malignancies

Germinal variants of GATA2 and SAMD9/SAMD9L account for ± 40 to 50% of cases of 

monosomy 7 in children with myeloid malignancies

For GATA2 patients: monosomy 7 usually indicates urgent transplant

What in SAMD9/9L patients? 

Is monosomy 7 may be classified as « just one another clone » ?



Somatic genetic rescue: a large spectrum of genetic 

events potentially associated in one patient 

C L O N E S

NB: or in trans

 progression towards leukemia  hematological recovery

(thanks to other clones)

Adapted from Sahoo & al, Nat Med 2021

 incomplete hematology

recovery?

 complete hematology

recovery?

In SAMD9L

pts mostly



HSCT indication in children with SAMD9 & 9L variants (1)

Current French recommendations: 

“Children w/o obvious indication, especially for children lacking a good donor, should be 

followed like the milk on the stove…”

Regular:

o Clinical evaluation

o Blood counts

o Bone marrow aspirations for:

- cytology (expert required!)

- karyotype: additional anomalies? Number of mitosis with monosomy 7?

- FISH analysis: precise % of nuclei with monosomy 7 

- molecular analysis (doable on blood samples?) with 2 aspects:

- additional somatic events (NGS for myeloid genes)? What is the VAF?

- detection of SGR

NB: patience required!



Other phenotypes associated with SAMD9 & SAMD9L variants

SAMD9: normophosphatemic familial tumoral calcinosis Topaz & al, Am J Hum Gent 2006

Phenotype: calcium depositions in skin and mucosae + severe and recurrent skin infections

Deleterious variants & biallelic: transmission autosomic and recessive

SAMD9L-associated autoinflammatory disease De Jesus & al, JCI 2020

High  IFN-response –gene score

Acquired frameshift mutations

SAMD9 & SAMD9L: MDS in adults patients Nagata & al, Blood 2018

Germinal LOF mutations

N = 799 adults pts with MDS/BMF

24 pts and 26 variants (MDS: 4%: BMF: 3%)

Localized mostly in the N-ter coding part

Monosomy 7: rare



SAMD9 & SAMD9L syndrome: take-home messages

New and not so rare (same frequency as GATA2 syndrome)  IBMF syndrome

Extra-hematological phenotype may be absent (40 to 50%) and if present:

- Is not specific for one gene

- Is variable with time: ex: ataxia in the elderly

Must be looked for in every child with monosomy 7 or del(7q)

High frequency of VUS : do not exclude class 3 variants!

Very high frequency of SGR making the indication for up-front HSCT difficult 

(especially when the child lacks a good donor)

Prospective studies needed!



Congenital Thrombocytopenia and interstitial 3q26 microdeletions

NB: HSCT at 4m of age

Nielsen & al, J Med Genet 2012

Bouman & al, Am J Med Genet 2015

MECOM included in the deletion



Mutations in MECOM, encoding oncoprotein EVI1, cause RadioUlnar Synostosis with

Amegacaryocytic Thrombocytopenia

Niihori & al, AM J Human Genet 2015

RUSAT syndrome:

1st identified gene: HOXA11 (2 families)

1 pt with RUSAT and w/o mutation  WES:

de novo missense mutation in MECOM: c.266A>G / p.Thr756Ala

2 other pts with RUSAT and missense mutations

Common characteristics of mutations:

- monoallelic

- de novo

- within a hostpot: 8th zinc finger motif sequence





MECOM locus

MDS1 and EVI1 COMplex locus:

- 2 genes: MDS1 & EVI1

- 6 differents transcripts

- 2 major mRNA and protein species: EVI1 and 
MDS1/EVI1

- EVI1  is a regulator of gene expression involved 
in maintenance and expansion of normal HSC 
and is a  known oncogene (myeloid leukemia & 
solid tumors)

- MECOM is also involved in embryonic 
development

Maicas & al, BBA 2017



Bluteau & al, Blood 2018

N = 6 pts



MECOM-associated syndrome: a heterogeneous inherited BMF syndrome 
with amegakaryocytic thrombocytopenia

N = 151 patients with CAMT phenotype but no mutation in MPL

 20 with heterozygous MECOM variants: 6 mutations in the previously reported hotspot

7 in other regions of the gene

7 sn variations present in public databases

Germeshausen & al, Blood advances, 2018

Truncating mutation / frameshift

Truncating mutation / misense

Missense mutation



Early BMT: 8/10 < 12 m



Autosomal dominant inheritance in some families (A & B)

M: wild type

m: mutated

: RUS

: CAMT/AA

Germeshausen & al, Blood advances, 2018

Family analysis in 11/13 pts:

- 3 families with transmission

- 4 with mutation + in a non-affected subject

- 4 de novo mutations

To note: variable expression in members of one family

Somatic mosaicism in pts with no BMF?



MECOM syndrome

(Germeshausen & al, Blood advances, 2018)



MDS1 and EVI1 complex locus (MECOM): a novel candidate gene for hereditary hematological

malignancies

: RUS

: Neonatal

Thrombocytopenia

: Myeloid malignancy

I:1: MDS with blast excess diagnosed at the age of 73

II:3: MDS/MPS neoplasm unclassified diagnosed at the age of 48

Ripperger & al, Haematologica 2018

To note: early HSCT may explain

the  paucity of cases



MECOM syndrome: take-home messages

GENETIC ASPECTS:

Monoallelic mutations 

and mostly de novo mutations : no familial history & no place for consanguinity…

Frequency of large deletions : phenotype may be specially severe

 contiguous genes syndrome

: genetic diagnosis may be falsely negative

CLINICAL ASPECTS:

Many different phenotypes : high degree of suspicion including in pt w/o RUS

Very early BMF : prototypic BMF in infant +++



ERCC6L2 syndrome

1st report by Tummala & al in 2014: 2 cases from 2 different families



ERCC6L2 and Hebo

Protein involved in DNA repair: patients have a double strand break repair defect

Recruitment to DNAdsb in a NBS1-dependent manner. 

In vitro complementation need the presence of the HEBO domain

Classified as an accessory NHEJ gene through interaction with SFPQ

(short isoform)

Zhang et al, J Exp Med 2016

Francica et al, Cell 2020



Bluteau & al, Blood 2018

Only 1 pt/7 with

microcephalia

HSCT: only 3/7

(AYA pts)

1/7 AML (age 43)

N = 7 



Douglas & al, Blood 2019

Discovery set: 3 families: 

AML6: n = 4  (+1 AML w/o precision)

Validation set:
AML6 (t-AML excluded): 1/7

Control set:
AML other FAB subtypes: 0/165

 AML6 +++; association with monosomy 7 & 

TP53 mutations

NB1: median age at diagnosis: 49 yr

NB2: no previous BMF history



EPIDEMIOLOGY 21 cases from North-Eastern Finland with the same biallelic

mutations  Founder effect

HEMATOLOGY (1)

Cytopenias

Median age at 1st referral to hematologist: 18 yr [6-65]
Mild and fluctuating cytopenias with hypoplastic BM

(more severe cases reported in children)

HEMATOLOGY (2)

Clonal hematopoiesis

Investigated patient (n = 17): 

 all with 1 to 4 TP53 clones 

HEMATOLOGY (3)

MDS & AML:  40%

MDS: N = 9
AML: N = 9 including 6 pts with AML6

 median age at AML: 37 yr [20-65]
 Complex karyotype  
 Very poor prognosis

Patients with ERCC6L2 mutations: hematological outcomes

Review presented at ASH: N = 46: 31 published cases + 15 new cases:

Hakkarainen & al, ASH 2021



ERCC6L2 syndrome: take-home messages

New rare IBMF subtype with defective DNA repair (NHEJ)

 you may have some breaks at chromosomal breakage analysis

Extra-hematological phenotype: 

- mostly microcephaly and developmental delay (1 case with ataxia) but not present  

in every patient

- Still to be described?

To have in mind in front of every patient (mostly adults) with AML6



Conclusion

More and more IBMFs

More and more fascinating stories on Somatic Genetic Rescue in HSC

For my young colleagues: do not worry! We still need help for prospective studies 

on already known IBMF syndromes and to discover new ones!



MaRIH network: Reference centres for rare 

Immunological and hematological diseases

Patients associations
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