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FAMILIAL NEUROBLASTOMA

▪ Familial Neuroblastoma accounts for 

approximately 1-2% of all cases

▪ It is inherited in an Autosomal Dominant 

manner with incomplete penetrance

▪ The genes most frequently associated with 

familial neuroblastoma are PHOX2B 

(implicated in ≈ 10% of familial cases) and 

ALK (implicated in ≈ 75% of familial cases)

▪ An estimated 15% of cases are currently 

genetically unexplained



A CASE OF FAMILIAL NEUROBLASTOMA
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❖ The proband was enrolled in the PREME program

❖ Whole-Exome Sequencing (WES) was performed on:

Germline DNA 
(father, mother, 

siblings)

A CASE OF FAMILIAL NEUROBLASTOMA

Primary tumor 

mass

Recurrent 

tumor mass



GENETIC INVESTIGATION



GENETIC INVESTIGATION

Variant Calling

SNV: gatk (v4.2.0.0)

CNV: cnvkit (v0.9.9)

Annotation

SNV: Annovar (v2019-10-24), 

vep (v99)

CNV: AnnotSV (v3.0.7)
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RESULTS OF GENETIC INVESTIGATION

2. RECURRENT MASS

▪ nonsense mutation in TP53 

(NM_001126118:c.155G>A; 

p.Trp52X)

▪ missense variant in SMARCA4

(NM_003072.5:c.2779T>G; 

p.Phe927Val)

GERMLINE SOMATIC

1. PRIMARY TUMOR

▪ Chr19 deletion (start: 9946018; end: 

12076026)



VALIDATION OF SMARCA4 GERMLINE VARIANT



Proband, father, sister:

SMARCA4 c.2779T>G

Mother and unaffected

brother: WT

VALIDATION OF SMARCA4 GERMLINE VARIANT



SMARCA4, chr19:11132563-T-G

NM_003072.5;c.2779T>G; p.Phe927Val 

missense variant

OMIM: Rhabdoid tumor predisposition 

syndrome 2; Coffin-Siris syndrome 4

Pattern: Dominant

ClinVar: not reported

Intervar: LP 

Franklin: LP 

CLASSIFICATION OF SMARCA4 VARIANT



SMARCA4, chr19:11132563-T-G

NM_003072.5;c.2779T>G; p.Phe927Val 

missense variant

OMIM: Rhabdoid tumor predisposition 

syndrome 2; Coffin-Siris syndrome 4

Pattern: Dominant

ClinVar: not reported

Intervar: LP 

Franklin: LP 

CLASSIFICATION OF SMARCA4 VARIANT

The variant was classified as Likely Pathogenic 

according to ACMG guidelines



F927V

WTIN SILICO FUNCTIONAL IMPACT 

PREDICTION OF SMARCA4 VARIANT



F927V

WTIN SILICO FUNCTIONAL IMPACT 

PREDICTION OF SMARCA4 VARIANTS

Ongoing studies are currently focused on the functional 

characterization of this variant to elucidate its biological impact



SMARCA4 VARIANT OVEREXPRESSION WORKFLOW

vs

Study the impact of the 

variant on the protein

• IP + ATPase Assay

• Immunofluorescence

Evaluation of complex 

integrity and remodeling 

activity

• Co-IP

• ChIP-Seq

• ATAC-Seq

• RNA-Seq

Tumorigenicity assays

• Proliferation assay

• Invasion assay

• Neurobasal assay

• Scratch assay



RESULTS OF GENETIC INVESTIGATION: 
SOMATIC

The large deletion on chr19 is of critical interest as it 

encompasses the entire SMARCA4 tumor suppressor 

gene (chr19: 11,071,598 - 11,176,071)

PRIMARY TUMOR

chr19 deletion (start: 9946018; end: 12076026)



RESULTS OF GENETIC INVESTIGATION: 
SOMATIC

The large deletion on chr19 is of critical interest as it 

encompasses the entire SMARCA4 tumor suppressor 

gene (chr19: 11,071,598 - 11,176,071)

PRIMARY TUMOR

chr19 deletion (start: 9946018; end: 12076026)

Does this represent the 

somatic second-hit 

event responsible of 

tumorigenesis?



THE TWO-HIT HYPOTHESIS IN TUMORIGENESIS

Knudson Two-Hit Hypothesis suggests

that the germline loss-of-function allele

SMARCA4 was complemented by a

subsequent somatic event, the «second hit»,

to fully inactivate the tumor suppressor

pathway and initiate malignancy



THE TWO-HIT HYPOTHESIS IN TUMORIGENESIS

Knudson Two-Hit Hypothesis suggests

that the germline loss-of-function allele

SMARCA4 was complemented by a

subsequent somatic event, the «second hit»,

to fully inactivate the tumor suppressor

pathway and initiate malignancy

PYROSEQUENCING ANALYSIS

(P. Perri Laboratory)



PYROSEQUENCING ANALYSIS

A: 48%

C: 52%

A: 33%

C: 67%

A: 21%

C: 79%

A: 11%

C: 89%

CONSTITUTIONAL DNA PRIMARY TUMOR DNA 

POST-TREATMENT TUMOR 

DNA

POST-TREATMENT TUMOR 

CDNA



RECURRENT MASS

▪ nonsense mutation in TP53 

(NM_001126118:c.155G>A; 

p.Trp52X)



RECURRENT MASS

▪ nonsense mutation in TP53 

(NM_001126118:c.155G>A; 

p.Trp52X)

CANCER DRIVER MUTATION IN TP53

Clonal selection of TP53 mutated tumor cells



Germline variant

SMARCA4 c.2779T>G 

Loss of WT allele

Enrichment of TP53 mutant 

clones under selective pressure

Second hit



SMARCA4 AND NEUROBLASTOMA: 
REVIEW OF THE EXISTING 

LITERATURE



SMARCA4 TUMOR SUPPRESSOR ROLE

• SMARCA4 (BRG1) is the ATPase

subunit of the SWI/SNF chromatin

remodeling complex

• SMARCA4 acts as a critical tumor

suppressor gene controlling global gene

expression.

• SMARCA4 loss generates a synthetic

lethality dependency on its paralog,

SMARCA2 (BRM), opening a potential

therapeutic window



• Synthetic lethality is based on the principle that the

inhibition of two paralogous genes is lethal, whereas

the inhibition of either gene individually allows

healthy cells to survive.

• In this strategy, tumor suppressor gene mutations are

exploited to induce the death of cancer cells.

SYNTHETIC LETHALITY



• Synthetic lethality is based on the principle that the

inhibition of two paralogous genes is lethal, whereas

the inhibition of either gene individually allows

healthy cells to survive.

• In this strategy, tumor suppressor gene mutations are

exploited to induce the death of cancer cells.

PROteolysis-TArgeting Chimera

SYNTHETIC LETHALITY

• The dependency of SMARCA4-mutant cells on 

SMARCA2 is being therapeutically exploited using 

SMARCA2-targeting PROTACs. These agents, 

that are already in clinical trials, are designed to not 

only inhibit SMARCA2 function but actively 

induce its targeted degradation.



CONCLUSIONS 

1. Our familial lineage analysis successfully traced the tumor evolution and pinpointed 

a germline predisposing variant in the SMARCA4 gene

2. Functional studies are underway to elucidate the oncogenic effect of this variant and 

to assess the therapeutic susceptibility 

Take Home Message

Characterizing the underlying causative genetic drivers is primary for revealing novel 

therapeutic vulnerabilities and paving the way for patient-centric Precision Medicine
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