Bone Marrow Failure Syndrome 6
(BMFS6): A Comprehensive Disease
Characterization

Disease: Bone Marrow Failure Syndrome 6 (BMFS6) OMIM: #618849 - MONDO:
MONDO:0030015 - Gene: MDM4 (MDMX; 1qg32.1; UniProt O15151; HGNC:6974) Category:
Hematologic — inherited bone marrow failure / MDS-leukemia predisposition syndrome
Report date: 2026-08-30 Report basis: Aggregated disease-level resources (OMIM, MONDO,
HGNC, UniProt, ClinVar, QuickGO) plus primary literature (human cohort genetics, mouse
models, iPSC/HSPC functional studies). No individual EHR/patient-level data were used.

Summary

Bone Marrow Failure Syndrome 6 (BMFS6) is an ultra-rare, autosomal dominant inherited
bone marrow failure syndrome (IBMFS) caused by germline heterozygous loss-of-function
(LOF) variants in MDMH4 (also called MDMX), the gene encoding a principal negative regulator
of the tumor suppressor p53. The disease was molecularly defined in a landmark 2026 cohort
study (PMID: 41758987) that reported six unrelated individuals carrying germline
heterozygous MDM4 variants — four null alleles (frameshift, nonsense, splice-site producing
premature truncation confirmed by RNA sequencing) and two missense alleles, one of which
had already been linked to a familial BMF syndrome in a founding family described by
Toufektchan et al. in 2020 (PMID: 32300648).

The unifying mechanism is MDM4 haploinsufficiency releasing its restraint on pS53,
producing chronic p53/p21 hyperactivation that impairs hematopoietic stem and progenitor
cell (HSPC) proliferation, differentiation, and engraftment. This was demonstrated
functionally: CRISPR/Cas9 deletion of MDM4 in healthy-donor HSPCs and patient-specific
variants introduced into iPSCs both increased p53 activity and reduced blood-cell output, while
complementation studies mapped the requirement to both the p53-binding and RING-finger
domains of MDM4. Mouse genetics independently corroborate the model — reducing Mdm4
dosage dramatically aggravates p53-driven aplastic anemia and telomere-syndrome
phenotypes (PMID: 23770245).


https://pubmed.ncbi.nlm.nih.gov/41758987/
https://pubmed.ncbi.nlm.nih.gov/32300648/
https://pubmed.ncbi.nlm.nih.gov/23770245/
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Clinically, BMFS6 is a dyskeratosis-congenita (DC)-spectrum multisystem disorder:
variable cytopenias, hypocellular marrow/MDS, short telomeres, macrocytosis, elevated fetal
hemoglobin, and a range of extra-hematopoietic features (tongue squamous cell carcinoma,
hypothyroidism, osteopenia, recurrent sinusitis, chronic fatigue). Onset is highly variable,
spanning 4 weeks to 53 years (median ~10 years). Because the disease is driven by excess p53
activity, p53-activating MDM2/MDMX inhibitors (e.g., nutlins) are mechanistically
contraindicated, an important, actionable therapeutic insight. Management follows general
IBMFS principles: surveillance, supportive care, and allogeneic hematopoietic stem cell
transplantation (HSCT), with genetic counseling for an autosomal-dominant trait.

Key Findings

Finding 1 — BMFS6 is caused by germline heterozygous loss-of-function
MDM4 variants

The molecular etiology of BMFS6 was established by Sharma et al. (2026) in a cohort of 6
unrelated individuals with variable bone marrow failure and hypocellular myelodysplastic
syndrome (MDS). Genomic analysis identified germline heterozygous variants in MDM4: four
null variants (frameshift, nonsense, and splice-site alleles resulting in premature truncation,
confirmed at the transcript level by RNA sequencing) and two missense variants, one of
which had previously been associated with a familial BMF syndrome. The authors explicitly
classified the disease-causing variants as loss-of-function.

"Genomic analysis revealed germ line heterozygous variants in mouse double minute 4
(MDM4), including 4 null (frameshift, nonsense, and splice site resulting in premature
truncation confirmed by RNA sequencing) and 2 missense variants, of which 1 had
previously been associated with a familial BMF syndrome." — PMID: 41758987

"Mechanistically, MDM4 mutations are loss-of-function mutations leading to enhanced p53
activation." — PMID: 41758987



https://pubmed.ncbi.nlm.nih.gov/41758987/
https://pubmed.ncbi.nlm.nih.gov/41758987/
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This establishes both the causal gene (MDM4) and the direction of effect (haploinsufficiency/
LOEF, not gain-of-function). The onset was strikingly variable, with a median age of ~10 years
spanning a range from 4 weeks to 53 years — a hallmark of variable expressivity typical of
p53-pathway IBMFS.

Finding 2 — Mechanism: MDM4 haploinsufficiency impairs HSPCs via p53
activation

The causal chain from genotype to phenotype was demonstrated with orthogonal functional
models:

* CRISPR/Cas9 editing of healthy-donor HSPCs to produce MDM4-haploinsufficient cells
caused increased p53 activity, impaired colony-forming capacity, and reduced engraftment
in immunodeficient mice.

* Patient-specific MDM4 variants introduced into iPSCs produced significantly reduced
erythroid and myeloid output with increased p53 activity (elevated p21).

» Complementation studies showed that both the p33-binding domain and the RING-finger
domain of MDM4 are necessary for its hematopoietic regulatory function.

"The resulting MDM4-haploinsufficient HSPCs exhibited increased p53 activity, impaired
colony-forming capacity, and reduced engraftment potential in immunodeficient mice." —
PMID: 41758987

"Complementation studies revealed both p53-binding and RING-finger domains as
necessary for MDM4-mediated hematopoietic regulation.” — PMID: 41758987

This is direct, cell-autonomous evidence that reduced MDM4 dosage — p53/p21 hyperactivation
— impaired HSPC self-renewal and differentiation — marrow failure.

Finding 3 — Mouse models link Mdm4 dosage and p53 activity to BMF/
telomere phenotypes

Independent mouse genetics anticipated and corroborate the human mechanism. Simeonova
et al. (2013) showed that homozygous p532A31/A31* mice (which carry a p53 lacking the C-
terminal domain and therefore have increased p53 activity) develop aplastic anemia and
pulmonary fibrosis with short telomeres — hallmarks of dyskeratosis congenita / Hoyeraal-
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Hreidarsson syndrome — accompanied by downregulation of several telomere-maintenance
genes (Dkc1/Dyskerin, Rtell, Tinf2, Terf1). Critically, heterozygous p53/+/A31* mice were only
mildly affected, but reducing Mdm4 levels dramatically aggravated their symptoms.

"Heterozygous p53+/A31 mice were only mildly affected, but decreased levels of Mdm4, a
negative regulator of p53, led to a dramatic aggravation of their symptoms." — PMID:
23770245

"homozygous mutant mice expressing p53A31, a p53 lacking the C-terminal domain,
exhibit increased p53 activity and suffer from aplastic anemia and pulmonary fibrosis,
hallmarks of syndromes caused by short telomeres" — PMID: 23770245

This provides a causal genetic link between Mdm4 gene dosage, p53 activation, and bone
marrow failure with telomere shortening — the exact triad seen in human BMFS6.

Finding 4 — ClinVar classification lags the literature

A ClinVar query (August 2026) for MDM4 returned 18 pathogenic/likely-pathogenic records, but
nearly all are large 1q21-q44 copy-number gains/losses (contiguous-gene chromosomal
events), not the single-nucleotide/indel BMFS6 alleles. The founding familial variant
NM_002393.5(MDM4):c.1361C>T (p.Thr454Met) is currently classified as Uncertain
significance (VUS), and the truncating LOF alleles from the 2026 cohort are not yet broadly
deposited or classified. This reflects the recency of BMFS6's molecular definition and creates a
practical diagnostic gap: current variant-classification databases will not yet flag causal BMFS6
alleles as pathogenic despite strong functional evidence.

Finding 5 — DC-like multisystem phenotype; founding variant maps to the
RING domain

The OMIM #618849 clinical synopsis (via Monarch, MONDO:0030015) annotates BMFS6 with a
broad, dyskeratosis-congenita-like phenotype spectrum. UniProt 015151 (490 aa) domain
mapping places the founding p.Thr454Met variant within the C-terminal RING-type zinc
finger (aa 437-478); other functional domains are the SWIB/MDM2 p53-binding domain (aa
25-108) and a RanBP2-type zinc finger (aa 300-329).


https://pubmed.ncbi.nlm.nih.gov/23770245/
https://pubmed.ncbi.nlm.nih.gov/23770245/
https://pubmed.ncbi.nlm.nih.gov/23770245/
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"Dyskeratosis congenita is a cancer-prone inherited bone marrow failure syndrome
caused by telomere dysfunction." — PMID: 32300648

Finding 6 — Curated GO annotations confirm MDM4 as a p53-signaling
suppressor

QuickGO curated annotations for MDM4 (UniProt 015151) independently corroborate its role
as a negative regulator of p53, including negative regulation of signal transduction by p53 class
mediator (GO:1901797), DNA damage response, signal transduction by p53 class mediator
(GO:0030330), negative regulation of intrinsic apoptotic signaling by p53 class mediator
(GO:1902254), negative regulation of apoptotic process (G0:0043066), zinc ion binding
(G0O:0008270), and nuclear localization (G0O:0005634/G0:0005654). MDM4 is also annotated to
cardiac developmental processes (G0:0003170/0003181/0003203/0003281/0003283), consistent
with its essential embryonic role. These curated annotations biologically ground the LOF
model: losing an established p53 suppressor produces p53 hyperactivity.

Section-by-Section Disease Characterization

1. Disease Information

BMFS6 is an ultra-rare autosomal dominant inherited bone marrow failure and MDS/
leukemia-predisposition syndrome characterized by variable cytopenias, hypocellular
marrow, and dyskeratosis-congenita-like multisystem features. It results from germline
haploinsufficiency of MDM4.


https://pubmed.ncbi.nlm.nih.gov/32300648/
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Identifier

type

OMIM #618849

MONDO MONDO:0030015

Gene MDM4 (MDMX), 1q32.1; HGNC:6974; UniProt 015151

No specific code; maps approximately to D61.9 (aplastic anemia, unspecified) /

ICD-10/ICD-11
3A70

MeSH Closest: Bone Marrow Failure Disorders; Anemia, Aplastic

Synonyms / alternative names: BMFS6; MDM4-related bone marrow failure syndrome;
MDM4-related dyskeratosis congenita spectrum disorder; MDM4 haploinsufficiency syndrome.

Information source type: Primarily aggregated disease-level resources (OMIM, Monarch/
MONDO, UniProt, ClinVar, QuickGO) plus individual-patient case-cohort data (the 6-patient
2026 cohort and the founding family).

2. Etiology

* Primary cause: Genetic — germline heterozygous LOF variants in MDM4 (Finding 1). No
environmental or infectious cause is required.

» Genetic risk factors: The causal variants themselves (null and missense LOF alleles). The
p53 pathway is dosage-sensitive; any allele reducing MDM4 restraint of p53 predisposes to
marrow failure.

» Modifier factors: Telomere-maintenance gene status and background p53-pathway tone
likely modulate severity, as suggested by mouse genetics (Finding 3), but specific human
modifiers are not yet defined.

* Environmental / protective factors / gene-environment interactions: Not established for
BMFS6. Given the p53-driven mechanism, exposures that induce DNA damage or genotoxic
stress (chemotherapy, radiation) would be expected to further activate p53 and could
worsen marrow failure — a theoretical consideration relevant to conditioning regimens.

3. Phenotypes

From OMIM #618849 clinical synopsis (Finding 5), with suggested HPO terms and typical
characteristics:
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Phenotype HPO term Type Notes
. Laboratory/ Core feature; hypocellular
Bone marrow hypocellularity HP:0005528
pathology MDS

Anemia HP:0001903  Laboratory Variable severity
Neutropenia HP:0001875  Laboratory Variable
Lymphopenia HP:0001888  Laboratory Variable

L Stress-erythropoiesis
Macrocytosis / increased MCV HP:0005518  Laboratory

marker

Persistence of fetal hemoglobin HP:0011904  Laboratory DC-spectrum marker
Short telomere length HP:0031413  Laboratory Links to telomere biology

Squamous cell carcinoma of the o . .
HP:0030413  Clinical/neoplasm Cancer predisposition

tongue

Recurrent sinusitis HP:0011108  Clinical Immune involvement
Hypothyroidism HP:0000821  Clinical Endocrine involvement
Osteopenia HP:0000938  Clinical Skeletal

Chronic fatigue HP:0012432  Symptom Constitutional

Myalgia HP:0003326  Symptom Constitutional

Onset: highly variable (4 weeks-53 years; median ~10 years). Severity/progression: variable,
ranging from mild cytopenias to hypocellular MDS; progressive marrow failure and cancer
risk over time. Frequency: because the cohort is only 6 individuals, per-phenotype frequencies
are qualitative rather than precisely quantified. Quality of life: dominated by cytopenia
complications (fatigue, infection, transfusion dependence) and cancer surveillance burden; no
disease-specific QoL instrument exists.

4. Genetic / Molecular Information

 Causal gene: MDM4 (MDMX), 1q32.1; HGNC:6974; UniProt 015151 (490 aa).

* Variant spectrum (Finding 1): 4 null (frameshift, nonsense, splice-site — premature
truncation, RNA-seq confirmed) + 2 missense. Founding allele: NM_002393.5:¢.1361C>T
(p.Thr454Met), in the RING domain (aa 437-478).
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* ACMG classification (Finding 4): p.Thr454Met currently VUS in ClinVar; truncating alleles
not yet broadly classified despite functional LOF evidence. Most ClinVar MDM4 pathogenic
entries are large 1q CNVs, not BMFS6 point variants.

* Allele frequency: Causal alleles are private/ultra-rare; expected absent or vanishingly rare
in gnomAD (consistent with a dominant, deleterious constraint on this p53 regulator).

* Origin: Germline (heterozygous). Somatic MDM4 amplification is an oncogenic event in
cancers but is mechanistically opposite to BMFS6 LOFE.

* Functional consequence: Loss of function / haploinsufficiency — enhanced p53
activation (Findings 1, 2, 6).

* Domain architecture (UniProt 015151): SWIB/MDM2 p53-binding domain (aa 25-108);
RanBP2-type zinc finger (aa 300-329); RING-type zinc finger (aa 437-478, contains the
founding variant). Complementation shows both the p53-binding and RING domains are
required for hematopoietic function (Finding 2).

* Epigenetic / chromosomal: No BMFS6-specific epigenetic signature reported. Large 1q32
CNVs encompassing MDM4 exist in ClinVar but represent contiguous-gene syndromes
rather than isolated BMFS6.

5. Environmental Information

BMFS6 is a monogenic germline disorder; no environmental, lifestyle, or infectious cause is
required or established. Genotoxic exposures (radiation, chemotherapy) are a theoretical
aggravating consideration because they further activate p53 in an already p53-sensitized
system.

6. Mechanism / Pathophysiology

Causal chain:
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Germline heterozygous LOF variant in MDM4 (null or missense)
| (haploinsufficiency — ~50% functional MDM4)
v
Reduced MDM4 restraint of p53 (p53-binding + RING domains both required)

v
Chronic p53 hyperactivation - 1t p21 (CDKN1A)

v
Impaired HSPC proliferation, differentiation & self-renewal
(v colony formation, + erythroid/myeloid output, . engraftment)

v
Bone marrow hypocellularity / cytopenias / hypocellular MDS
+ DC-spectrum features (short telomeres, tHbF, macrocytosis)

v
Progressive marrow failure + cancer (tongue SCC), multisystem involvement

* Molecular pathway: p53 signaling (upstream MDM4/MDM2 — downstream p53 — p21/
apoptotic targets). MDM4 also has p53-independent roles (RB regulation, genome stability)
reported in the broader literature, but the BMFS6 mechanism is pS3-dependent.

* Cellular processes (GO): negative regulation of p53-class signal transduction (GO:1901797);
intrinsic apoptotic signaling by p53 mediator (GO:1902254); cell cycle regulation
(GO:0051726); negative regulation of cell proliferation (GO:0008285). Loss of MDM4 shifts
the balance toward cell-cycle arrest and apoptosis in HSPCs.

* Cell types (CL): hematopoietic stem cell (CL:0000037); common myeloid progenitor
(CL:0000049); erythroid progenitor (CL:0000038); the primary target is the bone marrow
HSPC compartment.

» Upstream vs downstream: MDM4 haploinsufficiency is the upstream trigger; p53/p21

hyperactivation is the proximal effector; HSPC attrition and cytopenias are downstream
clinical outputs.

* Subcellular (GO CC): nucleus (GO:0005634), nucleoplasm (G0O:0005654) — where MDM4
regulates p53.

* Molecular profiling: RNA-seq confirmed premature truncation of null alleles (Finding 1);
iPSC/HSPC models show elevated p21 (Finding 2). No large-scale patient transcriptome/
proteome/metabolome datasets are yet published.
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7. Anatomical Structures Affected
* Primary organ: Bone marrow (UBERON:0002371) / hematopoietic system
(UBERON:0002390).
* Cells targeted: HSPCs (CL:0000037) and downstream erythroid/myeloid progenitors.

» Secondary/multisystem involvement: tongue (UBERON:0001723; squamous cell
carcinoma), thyroid (UBERON:0002046; hypothyroidism), skeleton (UBERON:0004288;
osteopenia), paranasal sinuses (UBERON:0002100; recurrent sinusitis), and lung (fibrosis in
the mouse model).

* Subcellular compartment: nucleus (GO:0005634).

 Lateralization: systemic/bilateral (marrow is a distributed organ); no lateralization applies.

8. Temporal Development
* Onset: Congenital to adult; 4 weeks to 53 years (median ~10 years) — remarkably
variable (Finding 1).

* Pattern: Chronic, insidious, progressive marrow failure; can present acutely with severe
cytopenia or be discovered incidentally.

» Stages: cytopenia — marrow hypocellularity/hypocellular MDS - potential clonal evolution/
leukemia; lifelong disease.

* Critical periods: Genotoxic stress and HSCT conditioning are potential windows of
vulnerability given p53 sensitization.

9. Inheritance and Population
* Inheritance: Autosomal dominant (germline heterozygous LOF); consistent with a dosage-
sensitive p53 regulator.

* Penetrance/expressivity: Variable expressivity is prominent (wide onset range,
multisystem spectrum); penetrance not precisely quantified due to small numbers.

» Epidemiology: Ultra-rare. No prevalence/incidence estimates exist; defined by 6 unrelated
individuals plus a founding family. No established founder effect, sex bias, or ethnic
predilection.

* Carrier frequency: Not applicable in the classical recessive sense; dominant transmission
with likely de novo and inherited alleles.

10



OpenScientist Report

10. Diagnostics

* Laboratory: CBC (anemia HP:0001903, neutropenia HP:0001875, lymphopenia HP:0001888),
MCV (macrocytosis HP:0005518), HbF quantification (HP:0011904), telomere length testing
(flow-FISH; short telomeres HP:0031413), bone marrow aspirate/biopsy (hypocellularity
HP:0005528, MDS assessment).

* Genetic testing (recommended approach): Because BMFS6 is one of many IBMFS, an
inherited-bone-marrow-failure/telomere gene panel or exome/genome sequencing
including MDM4 is the diagnostic route. Single-gene MDM4 testing applies when the
syndrome is suspected. RNA sequencing helped confirm splice/truncating consequences
(Finding 1). Note the ClinVar classification gap (Finding 4): causal alleles may return as VUS,
so functional/segregation interpretation is important.

* Differential diagnosis: dyskeratosis congenita and other telomere biology disorders,
Fanconi anemia, Diamond-Blackfan anemia, Shwachman-Diamond syndrome, GATA2
deficiency, other IBMFS/MDS-predisposition syndromes. Short telomeres + p53-pathway
variant + multisystem DC-like features distinguish BMFS6.

* Screening: Cascade genetic testing of at-risk relatives; marrow and cancer (e.g., oral/
tongue) surveillance in carriers.

11. Outcome / Prognosis
* Course: Chronic, progressive marrow failure with risk of hypocellular MDS and clonal
evolution; cancer predisposition (tongue SCC).

* Prognostic factors: severity/onset of cytopenias, marrow cellularity, telomere length, and
clonal/MDS status.

* Survival: Not quantified (ultra-rare, recent definition). By analogy to DC-spectrum IBMFS,
outcomes depend on marrow failure severity, HSCT success, and cancer.

» Complications: transfusion dependence, infection, bleeding, MDS/leukemic
transformation, solid tumors, pulmonary fibrosis (as in the mouse model), endocrine and
skeletal morbidity.

12. Treatment

 Supportive care: transfusions, growth factors, infection prophylaxis — standard IBMFS
management.

11



OpenScientist Report

* Definitive therapy: Allogeneic hematopoietic stem cell transplantation (HSCT)
(NCIT:C15431) for marrow failure/MDS; reduced-intensity conditioning is generally favored
in DC-spectrum disorders given genotoxic sensitivity.

* Mechanistically contraindicated: p53-activating MDM2/MDMX inhibitors (nutlins and
related agents) would further raise p53 activity in an already p53-hyperactive system and
are therefore contraindicated in BMFS6 — a key actionable insight derived directly from
the LOF mechanism (Findings 1, 2, 6). (Conversely, these agents are being developed as
anticancer therapies precisely because they raise p53; PMID: 28673313, PMID: 21075910.)

» Theoretical/experimental: targeted p53 pathway modulation to dampen excess p53
signaling is conceptually attractive but unproven and must balance cancer-predisposition
risk. No BMFS6-specific clinical trials exist.

* Genotype-guided care: genetic diagnosis directs HSCT donor selection (avoid affected
relatives), conditioning intensity, and cancer surveillance.

13. Prevention

* Primary: Not preventable (germline). Genetic counseling for the autosomal-dominant trait;
reproductive options include prenatal testing and preimplantation genetic diagnosis for
known familial variants.

» Secondary: Cascade testing of relatives; surveillance CBCs, marrow evaluation, and oral/
tongue cancer screening in carriers.

* Tertiary: Prevent complications via infection prophylaxis, transfusion support, avoidance
of unnecessary genotoxic exposures, and timely HSCT.

* Counseling: Autosomal-dominant recurrence risk (~50% to offspring of an affected carrier);
VUS status of causal alleles (Finding 4) must be communicated carefully.

14. Other Species / Natural Disease

* Orthologs: Mouse Mdm4 (NCBI Gene 17248); the gene name derives from "mouse double
minute 4." Human MDM4: NCBI Gene 4194.

» Natural disease in other species: No naturally occurring companion-animal BMFS6
equivalent is documented. The disease knowledge is human plus engineered/induced
mouse models.

 Evolutionary conservation: The MDM4-p53 regulatory axis is deeply conserved across
vertebrates, and cardiac/embryonic developmental annotations (Finding 6) reflect this
essential conserved role.

12
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15. Model Organisms

* Mouse (in vivo): p537A31~ mice with reduced Mdm4 dosage recapitulate aplastic anemia,
short telomeres, and pulmonary fibrosis (Finding 3; PMID: 23770245). Xenograft/
engraftment assays in immunodeficient mice show reduced engraftment of MDM4-
haploinsufficient human HSPCs (Finding 2).

* Cellular/human (in vitro): CRISPR/Cas9-edited healthy-donor HSPCs and patient-variant
iPSCs with erythroid/myeloid differentiation readouts recapitulate impaired blood output
with p53/p21 elevation (Finding 2).

* Phenotype recapitulation: Strong for the hematopoietic and telomere/marrow-failure
axis. Limitations: Full multisystem human spectrum (e.g., tongue SCC, hypothyroidism) is
not comprehensively modeled; complete Mdm4 knockout is embryonic lethal (p53-
dependent), so dosage/conditional models are required.

Mechanistic Model / Interpretation

BMFS6 is best understood as a "too much p53" bone marrow failure syndrome,
mechanistically the mirror image of cancers that amplify MDM4 to silence p53. In healthy
hematopoiesis, MDM4 (together with MDM?2) restrains p53 so that HSPCs can proliferate and
differentiate. A germline LOF hit that removes ~half of functional MDM4 tips this balance
toward chronic p53/p21 activation, which enforces cell-cycle arrest and apoptosis in the very
stem/progenitor compartment that must expand to sustain blood production. The result is a
hypocellular marrow and cytopenias, with overlapping telomere-maintenance dysregulation
that produces the dyskeratosis-congenita-like phenotype.

Layer BMFS6 (this disease) Opposite state (cancer)

MDM4 dosage 1 (haploinsufficiency) T (amplification/overexpression)

P53 activity T (hyperactive) 1 (suppressed)

HSPC fate arrest/apoptosis — marrow failure survival/proliferation — tumor growth
Therapeutic logic avoid p53 activators (nutlins) use p53 activators (nutlins)

13
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Three independent evidence streams converge on this model: (1) human genetics + functional
HSPC/iPSC assays (Findings 1, 2); (2) mouse Mdm4-dosage genetics (Finding 3); and (3) curated
GO/UniProt annotations of MDM4 as a p53 suppressor (Findings 5, 6). The convergence across
human, animal, and in-vitro evidence, plus the mechanistically explicit therapeutic

contraindication, makes this one of the more cleanly delineated inherited BMF mechanisms.

Evidence Base

Title (abbrev.)

Role in this report

MDM4 haploinsufficiency leads to

Defining paper. Establishes MDM4 LOF

41758987 p53-mediated bone marrow etiology in 6 individuals; functional HSPC/iPSC
failure proof; domain mapping (Findings 1, 2)
. . Founding p.Thr454Met family; frames the DC-
Germline mutation of MDM4 . )
32300648 . ) like, cancer-prone, telomere-associated nature
(founding family) o
(Finding 5)
Mutant mice lacking the p53 C- Mouse genetics: reduced Mdm4 aggravates
23770245 terminal domain model telomere p53-driven aplastic anemia/telomere
syndromes syndrome (Finding 3)
SR p53 in the Molecular Circuitry of Review situating p53 hyperactivity as a shared
Bone Marrow Failure Syndromes BMFS mechanism
98673313 MDMZ2/X inhibitors under clinical Establishes that MDM2/MDMX inhibitors raise
evaluation p53 — basis for the contraindication in BMFS6
A small-molecule inhibitor of o .
. . Confirms MDMX inhibition activates p53/
21075910 MDMX activates p53 and induces . . Lo
. apoptosis — reinforces contraindication
apoptosis
24755078 / . . Structural/functional context for why the RING
MdmX RING domain studies o ) o
32075226 domain is essential (Finding 2)
25703327 / MDMZX p53-independent roles Context for additional MDM4 functions not
24608433 (RB, genome stability) central to BMFS6
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Evidence-source classification: Findings 1, 2 combine human clinical (cohort genetics) with

in-vitro (HSPC/iPSC) and model-organism (mouse engraftment) evidence; Finding 3 is model
organism; Findings 4, 5, 6 are database/curation-derived (ClinVar, OMIM/Monarch, UniProt,
QuickGO).

Limitations and Knowledge Gaps

1.

Small cohort. The disease is defined by 6 unrelated individuals plus a founding family; per-
phenotype frequencies, penetrance, and natural history are qualitative, not quantitative.

. Variant-classification lag (Finding 4). The founding p.Thr454Met is a VUS in ClinVar and

truncating alleles are not yet broadly deposited, creating a real-world diagnostic
interpretation gap despite strong functional evidence.

. No epidemiology. Prevalence, incidence, sex ratio, and geographic/ethnic distribution are

unknown.

. No omics-scale patient datasets. No published patient transcriptome/proteome/

metabolome/single-cell studies; molecular profiling is limited to targeted RNA-seq and p21
readouts.

. Incomplete multisystem modeling. Mouse and cellular models capture the hematopoietic/

telomere axis well but not the full extra-hematopoietic spectrum (tongue SCC,
hypothyroidism, osteopenia).

. Therapeutics unproven. HSCT is inferred from general IBMFS practice; no BMFS6-specific

trials exist, and p53-dampening strategies remain conceptual and risk-laden.

. Modifiers undefined. Human genetic/environmental modifiers of the highly variable onset

(4 weeks-53 years) are not identified.

Proposed Follow-up Experiments / Actions

1.

2.

Deposit and classify variants. Submit the 2026 cohort's null and missense MDM4 alleles to
ClinVar with functional evidence to move them beyond VUS (addresses Finding 4).

Expand the cohort / registry. Establish an international BMFS6 registry via GeneMatcher/
Matchmaker Exchange to quantify penetrance, expressivity, natural history, and cancer
risk.

15
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. Telomere biology. Systematically measure telomere length and telomere-gene expression
in patients to test the DC-spectrum link suggested by mouse data (Finding 3).

. Single-cell HSPC profiling. scRNA-seq of patient marrow/iPSC-HSPCs to map p53-target
activation and identify the specific arrested/apoptotic progenitor populations (CL terms).

. Therapeutic modeling. Test whether transient, controlled dampening of p53 signaling
rescues HSPC output in patient iPSC models — carefully weighing cancer-predisposition
risk — and formally document the nutlin/MDM2-MDMX-inhibitor contraindication.

. HSCT outcomes study. Collate transplant outcomes and optimal conditioning intensity for
BMEFS6, given the telomere/p53 genotoxic-sensitivity concern.

. Genotype-phenotype correlation. Compare RING-domain (e.g., p.Thr454Met) vs null vs
p53-binding-domain variants for severity, leveraging the complementation finding that both
domains are functionally required (Finding 2).

Consensus Answer

Bone Marrow Failure Syndrome 6 (BMFS6; OMIM #618849, MONDO:0030015) is an ultra-rare
autosomal dominant inherited bone marrow failure and MDS-predisposition syndrome caused

by germline heterozygous loss-of-function variants in MDM4 (MDMX; 1g32.1), a principal

negative regulator of p53. MDM4 haploinsufficiency releases p53 restraint, causing p53/p21

hyperactivation that impairs hematopoietic stem/progenitor cell proliferation, differentiation,

and engraftment — producing variable cytopenias, marrow hypocellularity, and dyskeratosis-

congenita-like multisystem features with onset from 4 weeks to 53 years. Management follows
inherited BMF principles (surveillance, supportive care, allogeneic HSCT) with genetic
counseling, and p53-activating MDM2/MDMX inhibitors are mechanistically contraindicated.
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