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Rare genetic variants
In common tumors

Sabrina Giglio & Andrea Perra

Medical Genetics Unit - Oncology and Molecular
Department of Medical Pathology Unit - Department of
Sciences and Public Health Biomedical Sciences
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Understanding a pathogenic variant in a
Knowing the primary cause of a

disease is essential to understanding monogenic disease serves as one of the most
its mechanisms and for its proper

e L. ) robust diagnostic examples of "personalised and
classification, prognosis, and

treatment. 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 oot it

Typically, tumours exhibit around 50,000 somatic l
variants; however, germline variants can now be l
recognised as predisposing individuals to disease.

Cancer Genome

‘\ Tumours contain our

J normal genome with

<) additional, cancer-causing
' mutations that influence
%, response to

) chemotherapy.

Normal Genome {
DNA we inhereted from
our parents. Our normal

« Hereditary familial tumours genome can contain 2

mutations that may {

° Sporadic tumours influence cancer

development and
progression. _g
y

After filtering, between 20 and 15 variants are
generally considered suitable for further evaluation.
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Hereditary familial tumours

Family members face a heightened risk of developing a
particular type of cancer.

Familial adenomatous polyposis (FAP)
= Y Lynch syndrome (HNPCC, Hereditary Non-Polyposis
;f:}, o Colorectal Cancer) involve mismatch repair genes

RARE VARIANTS Nl MLH1, MSH2, MSH6, and PMS2.

IN TUMORS rF &
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,

CHEKZ2, RAD51C, and RADS1D.
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Functional interplay has been reported
between the Parkin and p53, a well-

Parkin protein expression was found to be absent in established tumor suppressor

68% cases of breast cancer.
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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

ENDONUCLEASE IlI-LIKE 1_Cytogenetic location: 16p13.3

Genomic coordinates (GRCh38): 1:45,329,242-45,340,440

Genomic coordinates (GRCh38): 16:2,039,820-2,047,834

c.420del (P.Lys140fs) -3/320
Allele Frequency : 0.3%

(6/941)
Allele Frequency ENF: ND

fc.llOSG>A p.(Gly368Asp) A
6/320
Allele Frequency : 0.37%
(7/941)

CASO  ETA' DIAGNOSI ISTOLOGIA GENE VARIANTE
E014 49 TUMORIMULTIPLI NST ax3 C127A>G (pLys43Glu)
12319 57  KMAMMELLA DUTTALE _ ex3 C127A5G (p.Lys436Glu)
114622 42  KMAMMELLA INFILTRANTE NST <
3256.22 48 K MAMMELLA INFILTRANTE NST = exd c.420del (P.Lys140fs)
4932 47  KMAMMELA DUTTALE &
28519 37 KMAMMELLA DUTTALE s exd C.813T>A (p Ser271Arg)
302822 75  KMAMMELLA MASCHILE  DUTTALE S exd C.813T=A (p Ser271Arg)
138621 71 KOVAIO SIEROSO ALTO GRADO N exi1 €.(3113+1 3114-1) (320141 3202-1)dup (p.?}
246922 67  KMAMMELLA NST g exil ¢.(3113+1 3114-1) (320141 3202-1)dup (p.?}
3121 54  KMAMMELLA INFILTRANTE NST ex12 13 c3201+1 2202-1(p.*297 7]
280222 48 KMAMMELLA DUTTALE ex13 C.3428T>A; p [Leul143His)
189622 42 KMAMMELLA DUTTALE ax7 524G (p Tyr151Cys)
180321 42  KMAMMELLA MUCINOSO g ex12 ¢.1063del (p.Ala357fs)
757.21 50 KMAMMELLA DUTTALE = ex13 C.1174C>A (p.Leu392Met)
142321 41/48 KMAMMELLA BILATERALE  DUTTALE/ INFILTRANTE NST 2
146921 28  KMAMMELLA INFILTRANTE NST E
107122 42 KMAMMELLA LOBULARE = s [0.11036>A 0.(Gly368Asp) ]
356822 48  KMAMMELLA LOBULARE =
363522 51 KMAMMELLA INFILTRANTE NST oy
286422 50  KOVAIO ENDOMETRIALE DIFFERENZIATO &
246822 62 KMAMMELLA NST S ex13 £.1258C>A (p.Leud20Met)
230.21 51 KOVAIO NST ex14 £.1437_1439del (p.Glu4s0del)
310.22 38 KMAMMELLA DUTTALE _
341722 54  KMAMMELLA NST INFILTRANTE E
316122 47  KMAMMELLA DUTTALE x)
270422 37 KMAMMELLA INFILTRANTE TRIPLO MEGATIVO EI ex2 [ €.244C>T(p.GIn82Ter) ]
144221 55  KMAMMELLA DUTTALE -
633.21 46  KMAMMELLA INFILTRANTE TRIPLO NEGATIVO =
4618 29 KMAMMELA DUTTALE TRIPLO NEGATIVO | ex3 £.503T=C Jp.lle168Thr)
47721 54 KMAMMELA INFILTRANTE NST E ex3 £.503T=C Jp.lle168Thr)
164122 50/58 KMAMMELLA BILATERALE  DUTTALE/TUBULARE ex6 ¢.578_58adel (p.Gly193fs)

\Allele Frequency ENF: 0.5% )

€.244C>T(p.GIn82Ter)->8/320

Allele Frequency : 0.7%
(13/941)

Allele Frequency ENF: 0.19%




NTHL1

Gly193
Gln82 lle168 Gly193*
[4FedS] domain . six-helical bundle domain
Linker 1 HhH DNA binding motif
I Linker 2 [4Fe4s) cluster

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

» |tis 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




Uncommon variants in 122 exomes exhibiting stron

HNF1A; 1,64 MAP2K1; 1,64 ALPL:; 1,64 KLLN; 0,82 )
PRSS1; 0,82 NUP214; DRR2: 082 BTK yirpa; |NTHL1; 0,82 ERCCS: RYNXL; 1,64 PRKDC; 0,82 BN
N 1,64 ATM; 0,82 ' . ERCC2; 1,6 , CDHZ2 POLE MRE11; 0,82 )
LONP1'082MTOR’ OB MSH2 oo 0's2 ERBBZ2: 0,82 164 1O HADHBI164 | \ep 1/ picHD1; 2,45 Togs 082 + 164 /RABL3: 0,82 KNEfGO 82
’ il . il ’ 1 ’ . . . ’ 1 1 , ’
BCLO™0,82 82 d1: TER COL6A3; 0,82 ASS1;082 | 082 NOTCH1;!0,82 PRKN: BERML: 0.82

82 4,92

_\; 1,64
- MLH1: MUTYH; 4,10

2,46

RET; 0,82 FLI1;

e

TLR4; 0,82 PIK3CD; S.OM%
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WRN: 2,46 KLF6;

RB1CCL; 0,82 —0.82 g —— —— | BRIP1; 2,46 0,82
EDHE; 0,82 S—— NF1; 0,82
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e | COL1A1;0,82
KEAPL; 1,64 UGT1A4 ;
(
KDMS5C; @
1,64 KMT2C;
FANCL _ 0,82 ATR;
; 0,82 1,64
PTPRD; 0,82 FLCN ; 0,82
TRRAP ; 0,82 | LMNA;
ARID1A; 0/82 \0,82
PLCGL; 0,82 GDNF;

CHEK2; 1,64 1,64
PRKARI1A; 0,82

PIK3CA,; MYCN:
0,82 0,87

FH; 0,82

ABRAXAS1
o4 0,82‘

0,82 NOTCHZ2; 0,82

_ JAK2
APC; 246 1 ¢4

GATA3;

ADGRAZ;

SYNEL;
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0,82 ROS1; 0,8 . SMO; 0,82
REL; 0,82 1,64 FANCA; WTL
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MAP2K4 ; 0,82 v L , .
RNASEL; 0,82 . VHL: 0,82 CREBBP; 0,82 SLX4; BINI;
ITGB3: 0,82 pBTK ~°CNMT3A; - . 0,82 0,82
PALB2; 2,46 / IKBKE; 1,64 /CYLD; 0,82 ro 0,82 IL21R; 0,82 ) ppE11A: 0,82 PTPRT; 0,82

;1,64



Regarding results on tumoral tissue,
somatic pathogenic variants of the TP53
gene were found in 72.16% of patients

OVARIAN CANCER CASES

: Pathway Gene Germline variants Somatic variants
(compared to literature data, our percentage _ . .
is approximately 16% higher). DNA damage repair: BRCA1 4.12 % 13,40 %
Homologous
recombination repair BRCA?2 6.19 % 9,28 %
BRCA1 and BRCA2 were mutated in (HRR)
13.40% and 9.28% of patients BARD1 2,06 % 1,03%
" " i ATM 2,06 % 2,06%
In additon, 30 cases had additional ©Other HRR-related 06 % 06%
pathogenic variants in different genes such ~ 9€N€S CHEK2 2,06 % 2,06%
as CHEK2, ATM, PTEN, PIK3CA, MSH2, PALB?2 / 2.06%
MSH6, MLH1, PALB2, STK11, APC, FBN1,
BUBL, CDHR1, FGFR2, ARID1A, RADs0 Cell cycle IiPee / 280
and RAD51C. _ MSH2 1,03 % 1,03%
S | \S G 1,03 % 1,03%
_ _ Mismatch repair
Germline variants: POLD1, PLK3, MLH1 / 1,2%
ROS1, PRKN, PCK2, XRCCA4, Phosphoinositide 3- PTEN | 7 6%

(also breast), MCCC2, EGF.

Other
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Fresh Tissue and Germinal DNA HDR and exome sequencing

HDR/ GERMLINE VARIANTS
CASE AGE | DIAGNOSIS | Histopathology of OC SNP array lc-WGS SOMATIC VARIANTS

There is ample evidence that activating EGF
| | variants drive cellular processes related to
2569.22 [ e arr(X,1-22)cx +  ovarian cancer development, tumour cell
survival, and metastasis.

1 1 l l 1 e EGF stimulates EGFR, which is
overexpressed in up to 60% of ovarian
epithelial tumours.

ﬁ'—f?:'-?'i""f'f"';}"’?zfi?"f."f"'.""#'"f"fffm"'"'""""ii:i?}fj"f"—f"’:’:'—':?
R I T s T EGFR regulates complex cellular events and
several signalling pathways.

1. e e r A—:—ﬂ;::ﬁ"‘“’ : .»f«-——“' S —r_—~‘.
T e e e I . Inovarian cancer, EGFR activation is
S associated with an increased malignant
- . tumour phenotype and a worse prognosis
e ST e T TR T e e — S patients. However, unlike other EGFR-

e positive solid tumours, treatment of ovarian
A I - ~ .. tumours with anti-EGFR agents has induced
a response and could be a target for
“therapy.



EXOMES Multiple myeloma
_ |[eeeomber |  eummpes  [@SMem® 0 eEwEEss

ARR411 MM ESORDIO 1021-22x4; 1p32.3x1; t(4;14), 13q14.3x1; 17p13.1x1  BRCA1L (NM_007299.4):c.43A>C (p.llel5Leu) (VUS)
1
SNP713 MM RICADUTA 1021-22x4; 1p32.3x1; t(4;14); 13q14x1; 17p13.1x1 KRAS (NM_004985.5):c.183A>C (p.GIn61His) (PAT)
BRCA1 NM_007294.4:¢c.43A>C (p.llel5Leu) (VUS)
SNP830 MM RICADUTA 1021-22x5; 1g25x6; 1p32.3x3; t(4:14); 11x4; KRAS (NM_004985.5):c.183A>C (p.GIn61His) (PAT)
13q14.3x1; 17p13.1x1; 17x4 BRCA1 NM_007294.4:c.43A>C (p.lle15Leu) (VUS)
2 ARR422 MM RECIDIVA 1021-22x3; 11x3; 13x1; 17p13.1x1 CHEK2 NM_007194.4:¢.1312G>T p.Asp438Tyr (VUS)
SMARCA4 NM_003072.5:¢.802G>A p.Val268Met
(VUS)
TP53: ¢.818G>A p.Arg273His (PAT) MISSENSE
SNP525 MM 10x3; 4x3; 11x3; 13x1 ATM (NM_000051.4):c.5071A>C (p.Ser1691Arg)
(VUS)
SNP528 MM ESORDIO 11x3;13q14x1; 14032.3x1; 17p13.1 x2; 17x3 APC NM_000038.6:¢.4435G>T p.Val1479Phe (VUS)
SNP533 SMOLDERING t(11;14) BRCA2 (NM_000059.4):¢.1283T>G (p.Leu428Arg)
(VUS)
— SNP539 MM RICADUTA 1p32.3x1; 11x3; 17p13.1x1 PMS2 (NM_000535.7):c.1253C>T (p.Ser418Phe)
(VUS)
SNP574 MM ESORDIO 11x3; 13x1 NO
SNP591 MM RICADUTA 4x3; 11q13.3x3; t(11;14); 13q14.3x1; 17x3 DDX11 ¢.1403dup(PAT);
MLH1 ¢.1190T>A(VUS); MLH1 ¢c.512T>A(VUS)
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.GIn284Arg)
(VUS)
10 SNP600 MM 11x3; 13x1; 14x1; 17p13.1x1 SMARCA4 (NM_003072.5):¢c.704_705insGCCTGG
MICROMOLECOLARE (p.Gly243_Pro244dup) (VUS)
SOSPETTO


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

Multiple myeloma

¢.183A>C (p.GIn61His) in 4 pz (PAT); ¢.35G>C (p.Gly12Ala) in 5 pz (PAT); ¢.35G>T (p.Gly12Val) in 2 pz

Kras 0 o5 21,05 (AT varianti geniche rilevate in almeno 3
TP53 8 95 8,42 ¢.517G>T (p.Vall73Leu); c.538G>A; p.(Glu180Lys) (LP); c.817C>T (p.Arg273Cys) (PAT); c.818G>A H H
(p.Arg273His) (PAT); c.782+2T>G (p.?) (PAT); c.591_601del (p.Glu198AlafsTer7) (LP); c.991C>T; p aZI e n t I PABPC1

(p.GIn331Ter) (PAT); c.626_627del; (p.Arg209fs) (PAT); BCHE DUOX?2 3%

NRAS 7 95 7,37 €.182A>G (p.GIn61Arg) (LP) x4; c.181C>A (p.GIn61Lys) in 2 pz 3% 306
VWF 6 95 6,32 ¢.4517C>T (p.Ser1506Leu) (LP) in 5 pz et
ATM 6 95

brcaz : CASI SEQUENZIATI PER ESOMA

DNMT3A 5 95

BRAF 5 95

SLC26A1 4 95 b

or o = KRAS: 20,6% e geni del pathway RAS 28,5%
CHEK2 4 95

PTPN11 4 95 . 0/

NTHL1 3 95 TP 53' 718 0

CD36 3 95 .

w5 BRCA1/2: 9,5% e geni pathway 23,8%

MEFV 3 95

GLB1 3 95

BCHE 3 95

DUOX2 3 95

PABPC1 3 95

CHD2 2 95

PCK2 2 95

DNAJC19 2 95 fyir e eyt e e e e g

PEX10 2 95 2,11

PADI3 2 95 2,11 ¢.335T>A p.(Leul12His) (LP) in 2 pz

AFG2A 2 95 2,11

WNT10A 2 95 2,11 ¢.682T>A (p.Phe228lle) (LP)in 2 pz DN5|\Q/1-3A B%&Al
BRCA2 2 95 2,11

SMARCA4 2 95 2,11

PMS2 2 95 2,11


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

Sardinian haplotype and Multiple myeloma

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%).

GENCOUDE V47 (76 items filtered out)
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Despite exome sequencing, at least 40% of familial cases remain

unexplained

I Breast cancer: 89y
Death: 62 y
1 2
. Ovaxtis Qesoph‘a ;ul Breast cancer: 57 y Stomach cancer: §5 y
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1 2 3 4 5 6
A
11
7
1 4 5 6 7 8 9 10 11 12 13
Rectal cancer: 49 y Ovarian Ovarian Ovarian
Death: N/A cancer: 87y cancer: S5y cancer: 54 v
\Y% Death: 89 y Death: 55 y Death:54 _\'
Breast cancer: 32 v
: : bl
1 Death: N/A 2 3 4 5 6
male O female deceased A proband

. ”'_.-n".
. ovarian cancer . breast cancer L W rectal cancer G) oesophageal cancer E] stomach cancer
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No germinal variants.




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

X-linked recessive, camer mother AFFECTED NORMAL
FATHER MOTHER
Unafaztee J Casriar
fathar LB methar
(1 ‘ o |
| | X

B Unaffectee
[Tl Afectn
[ .L'nm- __,.--"

= @& ®@ @@ 7 .
H @ ? D*n n!n U'n nn
.n.mc od .: mu 4 vx ot II ii i ‘I Al r,r'm) wmf AL AFFECTED  NORMAL
saade female

w“ jaughter s~ | | 0 o= e femiee MROE

A ¢ -4.1;-}.‘;. :
' | Environmental Factors * ﬁ
AT (infections, alcohol) AN
A N o——— ﬁ* i
e ] ]

General population Subjects
including subjects developping
at high genetic risk

I) n

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.
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WGS captures the majority of

Hypercholesterolemia

ft ; Influence from
. o . . . . nriuence frrom i
enomic variation by identifyin : genome-wide
g y ying monoganic 1ee polygenic common
. coding variants variants
both common and rare variants N a3 N
LDLR ‘5078901112
that may contribute to the P08 NPCIL1T g as
genetic composition of a e E
. 1314 15 16 47 18 19 20 21 22
disease. ARG APOE ss%!
i G
[ \-. _J
— \\ Influence from monogenic rare non-coding variants
LA LDLR PCSK9
* k % * * Kk *
Nat Commun. 2022; 13: 5995. PMCID: PMC9553944 1 23 4 56 78910 11121314 15 9817 18 ' 2 3 45 8 1 B9 10 M 12

Published online 2022 Oct 11. doi: 10.1038/541467-022-33510-7 PMID: 36220816

Whole genome sequence analysis of blood lipid levels in >66,000 individuals

Margaret Sunitha Selvaraj,'%* Xihao Li.* Zilin Li,* Akhil Pampana,? David Y. Zhang,*® Joseph Park,5¢

Finanziato
dall'Unione europea
NextGenerationEU

% Ministero
2. dell’'Universita

550

27>

e della Ricerca

s

[Laliadomani

FIANO NAZIONALE
D1 RIFAESA ERESILIENIA

AL I'*ALl




Article _ - . Both common and rare genetic variants
Polygenic architecture of rare coding influence complex traits and common

variation across 394,783 exomes diseases.
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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).




Family reconstruction both Creation of the maximum

Merge of exomes and the reanalysis of medical subset of unrelated

genomes, filtering records and the calculation individuals (i.e. not
high-quality variants of genotypic similarity related, excluding

between pairs of individuals relationships up to the 2nd
(kinship matrices). degree of kinship)

Informatics pipeline workflow
for a single repository of
exomic and genomic
sequences and high-quality
variant annotation.

Principal component
analysis to exclude from
the dataset individuals that

Annotations with VEP to
identify variants present in
gnomAD 4.2, in ClinVAr, in + Development of a data
UK Biobank and LoF

variants; pharmacogenetic
annotation and ACMG 3.2

genetically cluster with
other populations (UKBB or
1000 Genomes)

guery interface

To:

- Study the allelic frequency of pathogenic variants among Sardinians;

- Identify variants that differ in Sardinians compared to other populations, using the UK Biobank, GhomAD, 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.



Preliminary

results

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.



Tumori: studio dellaTumors: Study of the Polygerg

Component in Risk Stratification in Tumze@Sc

« Oncogenes, which promote the ‘\(‘ff’Q
proliferation of tumour cells ;

« Tumour suppressor genes, which
Inhibit this growth/proliferation
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