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Knowing the primary cause of a 

disease is essential to understanding 

its mechanisms and for its proper 

classification, prognosis, and 

treatment.

Understanding a pathogenic variant in a 

monogenic disease serves as one of the most 

robust diagnostic examples of "personalised and 

precision medicine," as this variant carries an 

almost 100% risk of developing the disease by a 

certain age.
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Can we think of precision 
medicine starting from 
genomic information in 

complex diseases, such as 
tumours?
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Tumor Genomics and 
Precision Oncology

Typically, tumours exhibit around 50,000 somatic

variants; however, germline variants can now be

recognised as predisposing individuals to disease.

• Hereditary familial tumours

• Sporadic tumours

After filtering, between 20 and 15 variants are

generally considered suitable for further evaluation.



Family members face a heightened risk of developing a 

particular type of cancer.

Hereditary breast and ovarian cancers are associated
with BRCA1 and BRCA2, as well as, more rarely, other
genes such as TP53, PALB2, CDH1, ATM, BARD1, BRIP1, 
CHEK2, RAD51C, and RAD51D.

Familial adenomatous polyposis (FAP) 
Lynch syndrome (HNPCC, Hereditary Non-Polyposis
Colorectal Cancer) involve mismatch repair genes
MLH1, MSH2, MSH6, and PMS2. 

Hereditary familial tumours
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PRKN

Parkin protein expression was found to be absent in 
68% cases of breast cancer.

E3 ubiquitin-protein ligase

Functional interplay has been reported 
between the Parkin and p53, a well-

established tumor suppressor



c.420del (P.Lys140fs)

c.1103G>A p.(Gly368Asp)

c.244C>T(p.Gln82Ter)

c.420del (P.Lys140fs) →3/320

Allele Frequency : 0.3% 

(6/941)
Allele Frequency ENF: ND

c.1103G>A p.(Gly368Asp)
6/320

Allele Frequency : 0.37% 

(7/941)
Allele Frequency ENF: 0.5%

c.244C>T(p.Gln82Ter)→8/320

Allele Frequency : 0.7% 

(13/941)
Allele Frequency ENF: 0.19%

PARTNER AND LOCALIZER OF BRCA2_Cytogenetic location: 16p12.2  Genomic coordinates (GRCh38): 16:23,603,165-23,641,310

MutY DNA GLYCOSYLASE_Cytogenetic location: 1p34.1 Genomic coordinates (GRCh38): 1:45,329,242-45,340,440

ENDONUCLEASE III-LIKE 1_Cytogenetic location: 16p13.3 Genomic coordinates (GRCh38): 16:2,039,820-2,047,834



▪ The variant falls within the iron-sulfur binding cluster domain [4Fe4S]

▪ It is described in the literature as associated with NTHL1-associated syndrome (Molecular Signature 30)

▪ A recent international and multicenter study on women with breast cancer reveals a reduced expression of the protein

even in heterozygous carriers, which could, therefore, be associated with a low to moderate risk of developing breast

cancer, which increases when combined with risk factors

Li N., et al. NPJ Breast Cancer. 2021 

NTHL1



Uncommon variants in 122 exomes exhibiting strong 
tumour association.
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OVARIAN CANCER CASES

Pathway Gene Germline variants Somatic variants

DNA damage repair: 

Homologous 

recombination repair 

(HRR)

BRCA1 4.12 % 13,40 %

BRCA2 6.19 % 9,28 %

Other HRR-related 

genes

BARD1 2,06 % 1,03% 

ATM 2,06 % 2,06% 

CHEK2 2,06 % 2,06% 

PALB2 / 2,06% 

Cell cycle TP53 / 72,16%

DNA damage repair: 
Mismatch repair

MSH2 1,03 % 1,03% 

MSH6 1,03 % 1,03% 

MLH1 / 1,2% 

Phosphoinositide 3-

kinase

PTEN / 7,6% 

PIK3CA / 6,3% 

Other *

Regarding results on tumoral tissue,

somatic pathogenic variants of the TP53

gene were found in 72.16% of patients

(compared to literature data, our percentage

is approximately 16% higher).

BRCA1 and BRCA2 were mutated in

13.40% and 9.28% of patients

In addition, 30 cases had additional

pathogenic variants in different genes such

as CHEK2, ATM, PTEN, PIK3CA, MSH2,

MSH6, MLH1, PALB2, STK11, APC, FBN1,

BUB1, CDHR1, FGFR2, ARID1A, RAD50

and RAD51C.

Germline variants: POLD1, PLK3, 

ROS1, PRKN, PCK2, XRCC4, 

OGG1, PLEKHM1, POLG, LIFR

(also breast), MCCC2, EGF.



Fresh Tissue and Germinal DNA    HDR and exome sequencing

CASE AGE DIAGNOSIS Histopathology of OC SNP array
HDR/ 

lc-WGS SOMATIC VARIANTS

GERMLINE VARIANTS

2569.22 65
Ovarian
Cancer

Ovarian Cancer -
Serous, high grade

arr(X,1-22)cx +
TP53: c.1024C>T p.(Arg342*);VAF=39% 

EGF :c.3209C>T p.(Pro1070Leu)
EGF NM_001963.6:c.3209C>T 

p.(Pro1070Leu)

Lc-WGS

There is ample evidence that activating EGF 

variants drive cellular processes related to 

ovarian cancer development, tumour cell 

survival, and metastasis.

EGF stimulates EGFR, which is 

overexpressed in up to 60% of ovarian 

epithelial tumours.

EGFR regulates complex cellular events and 

several signalling pathways.

In ovarian cancer, EGFR activation is 

associated with an increased malignant 

tumour phenotype and a worse prognosis 

for patients. However, unlike other EGFR-

positive solid tumours, treatment of ovarian 

tumours with anti-EGFR agents has induced 

a response and could be a target for 

therapy.



EXOMES
CASE number Subtypes FISH/KARYO Other Genes

1

ARR411 MM ESORDIO 1q21-22x4; 1p32.3x1; t(4;14), 13q14.3x1; 17p13.1x1 BRCA1 (NM_007299.4):c.43A>C (p.Ile15Leu) (VUS)                  

SNP713 MM RICADUTA 1q21-22x4; 1p32.3x1; t(4;14); 13q14x1; 17p13.1x1 KRAS  (NM_004985.5):c.183A>C (p.Gln61His)  (PAT)                                           
BRCA1 NM_007294.4:c.43A>C (p.Ile15Leu)  (VUS)              

SNP830 MM RICADUTA 1q21-22x5; 1q25x6; 1p32.3x3; t(4;14); 11x4; 
13q14.3x1; 17p13.1x1; 17x4

KRAS (NM_004985.5):c.183A>C (p.Gln61His)  (PAT)                                           
BRCA1 NM_007294.4:c.43A>C (p.Ile15Leu)  (VUS)              

2 ARR422 MM RECIDIVA 1q21-22x3; 11x3; 13x1; 17p13.1x1 CHEK2 NM_007194.4:c.1312G>T p.Asp438Tyr (VUS)                 

SMARCA4 NM_003072.5:c.802G>A p.Val268Met 

(VUS)
TP53: c.818G>A p.Arg273His (PAT) MISSENSE

3 SNP525 MM 1qx3; 4x3; 11x3; 13x1 ATM (NM_000051.4):c.5071A>C (p.Ser1691Arg) 
(VUS)          

4 SNP528 MM ESORDIO 11x3;13q14x1; 14q32.3x1; 17p13.1 x2; 17x3 APC NM_000038.6:c.4435G>T p.Val1479Phe (VUS)

5 SNP533 SMOLDERING t(11;14) BRCA2 (NM_000059.4):c.1283T>G (p.Leu428Arg) 
(VUS)

6 SNP539 MM RICADUTA 1p32.3x1; 11x3; 17p13.1x1 PMS2 (NM_000535.7):c.1253C>T (p.Ser418Phe) 
(VUS)

7 SNP574 MM ESORDIO 11x3; 13x1 NO

8 SNP591 MM RICADUTA 4x3; 11q13.3x3; t(11;14); 13q14.3x1; 17x3 DDX11 c.1403dup(PAT); 
MLH1 c.1190T>A(VUS); MLH1 c.512T>A(VUS)

9 SNP594 MM RICADUTA 1p32.3x1; t(11;14) MSH2 (NM_000251.3):c.1748A>G (p.Asn583Ser) 

(VUS)                                                                                                       

SMAD4 (NM_005359.6):c.851A>G (p.Gln284Arg) 
(VUS) 

10 SNP600 MM 

MICROMOLECOLARE 
SOSPETTO

11x3; 13x1; 14x1; 17p13.1x1 SMARCA4 (NM_003072.5):c.704_705insGCCTGG 
(p.Gly243_Pro244dup) (VUS)                                                      

11

Multiple myeloma

https://www.mayoclinic.org/diseases-conditions/multiple-myeloma/symptoms-causes/syc-20353378
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GENE n° TOT %

KRAS 20 95 21,05
c.183A>C (p.Gln61His) in 4 pz (PAT); c.35G>C (p.Gly12Ala) in 5 pz (PAT); c.35G>T (p.Gly12Val) in 2 pz 
(PAT)

TP53 8 95 8,42 c.517G>T (p.Val173Leu) ; c.538G>A; p.(Glu180Lys) (LP); c.817C>T (p.Arg273Cys) (PAT); c.818G>A 
(p.Arg273His) (PAT); c.782+2T>G (p.?) (PAT); c.591_601del (p.Glu198AlafsTer7) (LP); c.991C>T; 
(p.Gln331Ter) (PAT); c.626_627del;  (p.Arg209fs) (PAT);

NRAS 7 95 7,37 c.182A>G (p.Gln61Arg) (LP) x4; c.181C>A (p.Gln61Lys) in 2 pz

VWF 6 95 6,32 c.4517C>T (p.Ser1506Leu) (LP)  in 5 pz

ATM 6 95 6,32

BRCA1 5 95 5,26

DNMT3A 5 95 5,26
c.2322+1G>A (p.?) (PAT); c.183A>C (p.Gln61His) (PAT); c.2580G>A (p.Trp860Ter) (LP); 
c.2602C>T (p.Arg868Ter) (PAT); c.1444G>T (p.Glu482Ter) (LP);

BRAF 5 95 5,26 c.1780G>A (p.Asp594Asn) (LP) in 3 pz

SLC26A1 4 95 4,21 c.1073C>T p.(Ser358Leu) (LP) in 4 pz

ABCA4 4 95 4,21 c.5087G>A p.(Ser1696Asn) (PAT) in 2 pz

CHEK2 4 95 4,21

PTPN11 4 95 4,21

NTHL1 3 95 3,16 c.503T>C (p.Ile168Thr) (LP) in 2 pz

CD36 3 95 3,16

MSH2 3 95 3,16

MEFV 3 95 3,16 c.2230G>T p.(Ala744Ser) (LP) in 3 pz

GLB1 3 95 3,16

BCHE 3 95 3,16

DUOX2 3 95 3,16 c.2895_2898del (p.Phe966fs) (PAT) in 2 pz

PABPC1 3 95 3,16 c.1685T>C p.(Leu562Ser) (VUS/LP su Varsome, PAT su ClinVar) in 3 pz

CHD2 2 95 2,11 c.4173dup p.(Gln1392fs) (PAT) in 2 pz

PCK2 2 95 2,11 c.460_460+1insCTGTGGATGAGAG  p.(Gly154AlafsTer31)?(PAT) in 2 pz

DNAJC19 2 95 2,11 c.62dup p.(Tyr21Ter)(PAT) in 2 pz

PEX10 2 95 2,11

PADI3 2 95 2,11 c.335T>A p.(Leu112His) (LP) in 2 pz

AFG2A 2 95 2,11

WNT10A 2 95 2,11 c.682T>A (p.Phe228Ile) (LP) in 2 pz

BRCA2 2 95 2,11

SMARCA4 2 95 2,11

PMS2 2 95 2,11

KRAS
21%

TP53
8%

NRAS
7%

VWF
6%

ATM
6%

BRCA1
5%

DNMT3A
5%

BRAF
5%

SLC26A1
4%

ABCA4
4%

CHEK2
4%

PTPN11
4%

NTHL1
3%

CD36
3%

MSH2
3%

MEFV
3%GLB1

3%

BCHE
3%

DUOX2
3%

PABPC1
3%

varianti geniche rilevate in almeno 3 
pazienti

CASI SEQUENZIATI PER ESOMA

KRAS: 20,6% e geni del pathway RAS 28,5%
TP53: 7,8%
BRCA1/2: 9,5% e geni pathway 23,8%

Multiple myeloma

https://www.mayoclinic.org/diseases-conditions/multiple-myeloma/symptoms-causes/syc-20353378


Variant Observed Frequency NFE Frequency (GnomAD)

KIAA0586 (rs534542684) 0.021093 0.004433

The variant in the KIAA0586 gene (rs534542684), known for its role in ciliopathies, has a significantly higher frequency in Sardinia (2.1% vs.
0.4433%).

Sardinian haplotype and  Multiple myeloma

https://www.mayoclinic.org/diseases-conditions/multiple-myeloma/symptoms-causes/syc-20353378
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Despite exome sequencing, at least 40% of familial cases remain 
unexplained

No germinal variants.



Although monogenic diseases are rare, polygenic risk 

alleles (polygenic risk scores) are present in common adult-

onset diseases, where variants among multiple genes are 

necessary to cause illness.

The extent of “genetic causality” differs according to the mode of inheritance

18



WGS captures the majority of

genomic variation by identifying

both common and rare variants

that may contribute to the

genetic composition of a

disease.

19



Both common and rare genetic variants
influence complex traits and common
diseases.
Genome-wide association studies (GWAS) have
identified thousands of common variant
associations, and more recently, large-scale
exome sequencing studies have identified rare
variant associations in hundreds of genes,
including “cancer causation” genes.

This paper quantifies the heritability explained
by the gene burden of rare coding variants in
22 common traits and diseases in 394,783
exomes from the UK Biobank.

492 | Nature | Vol 614 | 16 February 2023



The Genome of the 
Sardinian Population

The study of a population with unique
genetic characteristics, such as the
Sardinian one, offers the opportunity to
discover new functionally significant
genetic variants that have not been
observed in large-scale sequencing studies
and to open new avenues for
understanding the impact of known
variants related to diseases (tumours and
other complex diseases).

An essential step in valorising this data is
reorganising it by creating a single repository of
sequences that enables controlled-access
queries (for instance, by researchers or clinicians
wanting to determine if a suspected variant has
already been identified in other patients or healthy
individuals).



To:

- Study the allelic frequency of pathogenic variants among Sardinians;  

- Identify variants that differ in Sardinians compared to other populations, using the UK Biobank, GnomAD, and 1000 Genomes datasets as 

references (data in house), with particular emphasis on variants that are deterministically involved in the etiopathogenesis of genetic diseases, 

including tumours;  

- Identify clinically relevant variants for incidental findings (according to ACMG 3.2 guidelines) and for drug response (in accordance with 

DPWG and CPIC guidelines);  

- Evaluate the existence of human knockouts within the examined population, i.e. healthy individuals with loss of function in both alleles of a 

given gene.

Merge of exomes and 

genomes, filtering

high-quality variants

Family reconstruction both 

the reanalysis of medical 

records and the calculation 

of genotypic similarity 

between pairs of individuals

(kinship matrices).

Creation of the maximum 

subset of unrelated 

individuals (i.e. not 

related, excluding 

relationships up to the 2nd 

degree of kinship)

Principal component 

analysis to exclude from 

the dataset individuals that 

genetically cluster with 

other populations (UKBB or 

1000 Genomes)

Annotations with VEP to 

identify variants present in 

gnomAD 4.2, in ClinVAr, in 

UK Biobank and LoF

variants; pharmacogenetic 

annotation and ACMG 3.2

Development of a data 

query interface

Informatics pipeline workflow 
for a single repository of 

exomic and genomic 
sequences and high-quality 

variant annotation.



Pilot analysis of the first 2,000

exomes, 1,430 of which belonged

to unrelated Sardinian individuals,

enabled us to observe several points

of interest (which will soon be

explored following the inclusion of an

additional 1,000 already sequenced

samples in the dataset).

We identified around 2.2 million genetic variants in canonical 
transcripts, with 40.74% of these absent from gnomAD 4.1. 

Among these, nearly 35,000 loss-of-function variants (LoF)
were detected, including those causing premature stops, 
affecting essential splice donor/acceptor sites, or resulting in 
frameshifts. Of these LoF variants, 78.64% were observed as 
singletons.

From the analysis of pathogenic and likely pathogenic variants, 
we identified a subset of these with a higher frequency in 
Sardinia than in global populations, particularly those located 
in genes associated with non-syndromic genetic hearing loss 
(GJB2), in addition to those already documented (for example, in 
HBB and G6PD). 

We also estimated that approximately 29% of the sequenced 
individuals carry a clinically actionable genetic variant from 
the ACMG SF 3.2 gene list.

Preliminary 

results



• Oncogenes, which promote the 

proliferation of tumour cells

• Tumour suppressor genes, which 

inhibit this growth/proliferation

• Anti-mutational genes with a role in 

the stability of deoxyribonucleic acid 

(DNA)

• miRNA genes, with a role in post-

transcriptional processing

Tumori: studio dellaTumors: Study of the Polygenic 

Component in Risk Stratification in Tumors



Grazie a tutti !

Sabrina Giglio         &       Andrea Perra
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