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The Clinical Utility of Genetic Testing in the Diagnosis and Management of Adults with
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FSGS lesion in the kidney biopsy
(n=49)
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FIGURE 1. Focal segmental glomerulosclerosis (FSGS) subgroups by clinic evaluation and genetic testing
results.
Detected TABLE 4. Univariate Association Between Clinical and Histologic Characteristics
Cene and Positive Genetic Testing Results®
Collagen, no. (%) [l (52.4)
\CO]'_4A3 7 x C“m":a' Fred|'ctﬂ'r Dd‘dﬂ F-aﬂ'D (95% Cl)b
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COL4AS 5 Positive family history 13.8 (3.7-624) <00l
\’Od@:ﬂe. no. (%) 8 (38.1) Female sex (vs male) 5.1 (1.5-19.9) 0l
o . Proteinuria (g/24 h)° 08 (06-09) 02
TREC6 | Albumin (g/dL)" 21 (1.1-49) 04
NPHS |© |
\ Absence of nephrotic syndrome 8.2 (1.9-58.1) 004
Other, no. (%) 2 (95)
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@ Otk orvpasies Identification of Genetic Causes of Focal
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Genomics in the kidney clinic

Autosomal dominant polycystic kidney disease

The commonest
PKD1 (~78%), PKD2 (~15%) and IFT140 (~2%)

Collagen-IV kidney disease

Alport syndrome

The key collagen-IV genes, COL4A3 and COL4A4 on chromosome 2 and COL4A5 on
chromosome X, encode the alpha—3, —4 and -5 chains of collagen-IV

Heterozygous variants thin basement membrane nephropathy

Likely pathogenic variants in COL4A3/A4, FSGS and IgA nephropathy, long-term
surveillance for the development of hypertension, proteinuria and kidney dysfunction

Autosomal dominant tubulointerstitial kidney disease (ADTKD)

UMOD or MUCl Patients S d
G Patients with 1;: re?tr.le

. ene Screened Causative 050; e
Podocytopathies Mutation (%)
. . . NPHS?2 1088 138 12.7
Steroid-resistant nephrotic syndrome (SRNS). WT1 902 18 53
NPHS1 208 41 19.7
A monogenic cause may underlie 10-43% of gﬁ‘éﬁcf”ﬂ gg }g g;g
1 id_ H PTPRO 45 6 13.3
FSGS cases, especially steroid-resistant cases s y 6 >3
INF2 112 4 3.6
COQ6 30 3 10.0

Clinical Medicine 2023 Vol 23, No 3: 246-9



In adult-onset disease pathogenic variants have been identified in NPHS2, INF2,
TRPC6, ACTN4, LIMXIB, as well as the collagen-IV genes.

In patients with recent African ancestry, FSGS has also been associated with common risk
variants in APOL1 which protect against trypanosomiasis but seem to render kidneys more
susceptible to permanent injury from other causes including hypertension and HIV.is

Atypical hemolytic-uremic syndrome
CFH, MCP

Genomic testing also has an important role in kidney transplantation.

*  Genes with available specific therapies pre- and post-transplantation
Fabry disease; cystinosis; hyperoxaluria ...
* Diseases with risk of recurrence on kidney graft
aHUS, GNC3, PH1, APRT deficiency, congenital nephrotic syndrome with FinMajor variants
*  Extra-renal features with special considerations for transplantation
Diabetes in HNF1B nephropathy, cystinosis, mitochondrial diseases...
*  Testing living related donor
* Diseases at risk for cancer pre- and post-transplantation
Tuberous sclerosis, Von Hippel Lindau diseases, WT1 pathogenic variants ....

Clinical Medicine 2023 Vol 23, No 3: 246-9



Fevetikéc BAAPec kat pEBodoL aviyvevonc

* 1% tou avBpwrivou yoviblwpatoc: E€wvia mou kwdikomololv npwteiveg (20.000 yovidia)
* 4.000 yovidla oxetilovtal e VOOOUC TTOU KAnpovopouvtal oUpdwva LE TOUC VOUOUG TOU
Mendel

Fevetikeg mapaAAayEg [variants]
(aAAayEc otnv aAAnAouxia Twv voukAgoTtidiwyv nou emnpeadlouv [1) oxt] Tn Soun Kal T
AELTOUPYLKOTNTA TNE MPWTELVNC IOV KwdLKOTIoLoUV)

Mukpn ¢ €ktaong (oL Lo ocuxVEC)

NapaAAayécg evac voukAeotidiou [Single-nucleotide variants, SNVs]: aAAayEc
(umokatdotaon) pag povo Paonc (voukAeotidiou) mou pmopei va Statapdel tnv
oAAnAouxia TwV AULWVOEEWY OTNV MPWTELVN TTOU KWSLKOTIOLELTOL OO TO Yyovidlo.
MNpocOnkeg N anaAoiwp£g voukAeotidlwv pkpn ¢ ektaonc (2-1000 Baoewv) [Insertion-
Delition, INDELs]

B Non-coding region M Coding region
Gene B




AopKEG (HeyAANnG Ektaong) aAAayEG ota XpwHpoowpata (5-10%)

NoapaAAayn apOuov aviiypadwv (Copy number variation, CNV): mpooBnkec n
araAoldpEc peyaiouv aplbpou (> 1000) Bacswv) os €va N mepLocOTEPA CNUELQL.
XpwpHpoowplokn avicopportia — avadiataln: Mpoobnkeg  anaAoldbEC o TUAUATA 1] KOl
OAOKANPO XPWHOCWHOTOL

Copy number
variation

" Chromosomal
Chromosomal imbalance

rearrangement

MéEBoboL yeveTikoU eAEyxou

MéEBobdoL aAAnAouxnong (yia pikpég mapaAlayEc [SNVs — INDELS], Tig o cuxvEg)

Sanger sequencing
MéBodog peyaAng akpiBeiac (yprivopn kot ¢6nvr) aAAd yio pikpo tTunpo tou DNA.

Sanger sequencing
(specific DNA segment)

QG

EriBeBaiwon/amokAslopoc plog yvwothne mopaAAaynG o Eva acBevr) [ 0 Yol VOGO TL.Y.
ermiBeBaiwon/amnokAelopnoc ADPKD yla Tt LEAN TNG OLKOYEVELACG EVOC aloBevoUC 1 avixveuon
G1/G2 n G1/G1 n G2/G2 variants o APOL1



Malik mopdAAnAn aAAnAoUxnon — aAAnAoUxXnon EMOUEVNG YEVLAG
[massively parallel sequencing / Next generation sequencing (NGS)]

H kat e€oxrv xpnotpomoloUpevn onpepa LeBodocg, n Alyotepo xpovofopa kat akpLpn

Collagen, no. (%) 11 (524)
COL4A3 7

1. € otoxeupEvo ntaveA yovidiwv [Targeted gene panels] o :
Podogyte, no. (%) 8 (381
Targeted gene panel ::{g :|

(coding regions of specific genes) NPHS® I

Other, no. (%) 2 (35)
SMARCAL | I
UMOD

eTLAEYHEVO avaloya e tov datvoturo Ttng vooou “phenotype first approach”

T..X. O€ veppwOoLkO oUVEpouOo

O€ TIOAUKUOTLKI VOOO (oUpdwva UE TIC VEEC KALVIKEC 0ONyLeC)
“Panels can include coding regions of all known PKD and ciliopathy genes (n~150)
or all known kidney disease genes (n~600)”

Avixvevetal povo omnota napoaAdayn BpeOei oto emiAeypévo naveA yovidiwv [xpelaletal
OUVEXN avVaVvEWON TNG AloTtag, avaloya LE Ta VEQ euprpatal



NGS involves several major steps in sequencing

DNA fragmentation,
Library preparation,
Massive parallel sequencing,

Bioinformaticsanalysis,and

Variant/mutation annotation and interpretation.

Chromosomal

Microarray can detect
| submicroscopic chromosomal
changes e.g. microdeletion/duplication

Conventional karyotyping
Can detect gross chromosomal changes
e.g. trisomy, large insertion/deletion

Can detect variants at single

repucation
Strand 10 be sequenced
e A
Prepare four reacton mixtures. i
ineacha
c 6 A T z ‘




2. AAAnAoUxnon o0Awv twv e§wviwv [Whole exome sequencing (WES)]
KaAUTITEL OAEC TLC TIEPLOXEC TOU YOVLOLWUATOC TTIOU KWOLKOTIOLOUV TIPWTEILVEC

Exome sequencing
(nearly all exons in the genome)

+ virtual gene panel: «dlaBacpa» og tpamneleg Blo-mAnpodoplwv (bioinformatics) povo
LLoG eTUAEYEVNC AloTag yovidiwy (ta utoAouta EUpAHUATO LEVOUV KOl UITopoulV va
gnavoa-aéloAoynbouv).

3. Whole genome sequencing (WGS)

AAANAoUXNGN 6A0OU TOU YOVIOLWHOTOG (KoL TWV TTEPLOYXWYV TTOU KWOLKOTIOLOUV KOl OLUTWV
oV 8€V KWSLKOTIOLoUV npwteweq)

Genome sequencing
(all genome)

MéEBoboL aviyvevong peyainc éktaong aAAoaywv cto DNA

Chromosomal microarrays
Multiplex ligation-dependent probe amplification (MLPA)



H ovopatoAoyia piag yeVETKAG TtopaAAayng

KaBe evac armo toug 64 miBavouc cuvduaopolc 3 voukAeotidiwv (petaév Adenine,
Thymine, Guanine, Cytosine) kwdikomolel 1 amno ta 20 dtadopeTikd apvoéea n Eva
KWOLKOVLO TEPUATIOUOU.

ALG8 c.535C>T (p.Arg179Ter)

4

Gene Nucleotide change Protein change

Numerical Nucleotide Nucleotide Reference Numerical Variant
location of in reference in variant amino acid location of amino acid
the affected sequence sequence affected

nucleotide amino acid

A Practical Guide to Genetic Testing for Kidney

Disorders of Unknown Etiology | Kidney360




Types of variants resulting from single or small oligonucleotide variants

Coding DNA Protein

Nucleotide Change

Substitution Single nucleotide ATG AGA (ref) c.bA>G p-Arg2= o 6th nucleotide adenine No change in AA; likely
(synonymous) substitution resulting 123456 or p.Arg2Arg changed to guanine benign unless near splice
in unchanged AA Met Arg ¢ Variant occurs at 2nd junction
L, f codon; both AGA and
Zoviovopn O A5G ool i
ATG AGG (var) not affected

Substitution Single nucleotide ATG AGA c.5G>T p-Arg2lle e 5th nucleotide guanine y
(missense) substitution ‘L changed to thymine pathogemc if slgmﬁcant
changing # 2nd codon encoded change in important AA
Napepunvevon ATGATATN f arginine, but variant

encodes isoleudne (Ile)

Substitution Single nucleotide ATG AGA cAAST p-Arg2Ter ¢ 4th nucleotide adenine p
(nonsense) substitution creating ~L or p.Arg2X changed to thymine pathogernc in ma}onty
a stop codon ATG TGA\ r ¢ 2nd codon encoded of disease mechanisms
AVEpu.nVEl.',Ulu.n £330 1Al /7 arginine, but variant ———————

encodes a premature stop
codon



Types of variants resulting from single or small oligonucleotide variants

Coding DNA Protein

Nucleotide Change

Insertion/deletion  Insertion or deletion ATG AGACAGT c.ddel A p-Arg2fs ¢ 4th nucleotide adenine ed protein;
(frame shift) of # nudeotides Met Arg Gln is deleted all AAs distal to fram
(# # multiple of 3) \ ¢ r e A resultant shift in the shift are changed;
reading frame no longer pathogenic in majority
nAalClOTpOHOHOlnthﬁ ATG CAC AGT ﬂ encodes the intended of disease mechanisms

Met Asp Ser protein and by chance

will reach a stop codon

Insertion/deletion  Insertion or deletion ATG AGA CAG c.4 6delAGA p-Arg2del s 4th through 6th AA deleted; potentially
(nonframeshift) of # nudeotides Met Arg  Gln nucleotides are deleted,
(# = multiple of 3) wL ﬂ causing loss of the Arg
, , , \ but no frameshift
EVTOC nAaloilov avayvwong ATG CAG
Met Gln

Substitu tion Single nucleotide AAGgtaatt... 21 +1G=T  1st intronic nucleotide Truncated protein expect
(splice variant) substitution Lys intron (guanine) is changed to a splice site abolished if
thymine; no protein first or second intronic
1 r\ 7 Y : o seco
Iy ’ consequence is defined base is modified;
NapaAlayn O€ong patiopatog AAGttaatt... given intronic variant

pathogenic in majority
of disease mechanisms

Lys intron




H epunveia plag yevetikng mopaAiayng

H yevetikn napaAAayn rmou eviomniletol oto yovidlo mou Siepguvartol, cuykpivetol
LE Ta. otowxeia peyaAwv Bacswv dedopévwy (bioinformatics analysis) ko
kKaBopiletal

» MNooo onavia ival oTo YeVIKO TTANBUGUO KoL 0 €BVIKEC OpASEC KoL
» AV ITPONYOUMEVWC EIXE OUOXETLOTEL UE OUYKEKPLUEVN VOOO

» Bploketatl n MAF (Minor Allele Frequency), n cuxvotnTta TOU TO CUYKEKPLUEVO
aAAnALo evtomiletal og €va SeUTEPO ATOMO. Zuxvotnta > 1% Bewpelital Kowvn.

» 000 o onavia sivat n mapaAlayr}, TOoo 1o bavn eivat n maboyovikotnta Tne
(LOVo auTEC avadEpovtal otn yeveTIKA €kBeon) [Genome Aggregation Database

(gnomAD) ]

M.x. eldwka yra tnv ADPKD pe erumoAaocpo 1: 1000 dtopa, n cuxvotnta ULOG YEVETIKAG
rntapaAlayng > 0.01% Bewpeital oAU ko).



Probability of Pathogenicity

Variant Classification

4 NEGATIVE

Strong evidence
that variant does
not cause

\gisease

\

 POSITIVE

Strong evidence
that variant
\_ _ causes disease

\

J

-

k0.95—0.99

~\

>0.99 Y,




Truncating versus Nontruncating protein: Znupavtwkni dtadopd.

v'Mwa “truncating variant” avapévetal va apayeL Lo TPWTELVN ou Sev ivo
Aewtoupykn Ko n onoia Oa armodopunO«i.

v'Mwa “non-truncating variant” 6a mopdyet po oAOkAnpn mMpwTteivn ou Yopet va eivo
AeLTOUPYLKA | UN-AELTOUPYLKN N HEPLKWGE AELTOUPYLKA N va Aettoupyel StadopeTikd armod to
avapevopevo (gain of function)

»Mua “truncating variant” yapaktnpiletal apeoca wc na@oyeveTikn f mbava
NLOOYEVETIKN

»AvtiBeta pa “non-truncating variant” mpEmnet mponyoupEVWE va £XeL avadepOEeL wg
outia yia tTn vooo, va Bpebel o AAAQ LEAN TNG OLKOYEVELOC LE TN VOOO N UE BLOAOYLKEC
Sdoklpoaoiec va €xel ouvdeBel pe tn vooo (va pnv eival amAd pa Variance of Unknown
Significance, VUS)



Variant Classification

NEGATIVE POSITIVE
Strong evidence Strong evidence
that variant does that variant
not cause causes disease
disease

Probability of Pathogenicity <(0.001

0.95-0.99 >0.99

The scary world of variants of uncertain
significance (VUS): A hitchhiker’s guide to
interpretation

Kathleen E. Sullivan, MD, PhD  Philadelphia, Pa J ALLERGY CLIN IMMUNOL



VUS, Variant of Unknown Significance
O ylatpog b€ pmopei va Bactotel og €va VUS yla val AABeL pa KAVIKN amodoaon
‘ExeL onpooia eav

» 0 ¢awvotunog otov acBevn eival o avapevopevog yia tov VUS yovatumno nou
gvtomniotnke

» Bp€bnke n ida mapaAAayn o€ AAAA HEAN TNG OLKOYEVELAG HE TOV i8Lo dpawvotumo
» H mapalAayn emnpedlel Kaiplo onpeilo yla Tn AETOUPYLKOTNTA TNG IPWTEIVNG
» Elval apkKetd ondvia oto YeVIKO mAnbuopo (< 0,01 % yia tnv ADPKD)
» Elval ouvnOeg ya tn vooo va ntpoKaAeitat oo oAU OTIAVLIEG — KOATAOTPODLKEC
IO POAAQYEC;
» M.x. otnv ADPKD t0 35% mepinov twv non-truncating nopaAAoywv

xapaktnpilovrot w¢ VUS

» El8KA Aoumov otav o YeVETIKOC €Aeyxoc {nteitat yta tnv ADPKD ka6 sival otnv
€kBeon Tov yeveTLoTA va avadEpovtal Ko ot Tuxov ot VUS mapaAlayEc.



luvaika, 24 etwv (2019)

Ze nAwkia 18 etwv: moAAanAég vedpikég kUoTeLS (Echo)
Mntépa, 55 stwv, Echo(-) yla vedpkég KUOTELG,
Natépag, 58 stwv, Echo(-) yla vedpikég KUOTELG

MRI (24 eTtwv)

Total Kidney Volume: 1485 ml (873 ml/m),

1E

e-GFR: 98 ml/min

ESCKD prediction (Mayo Clinic Formula): 13 €tn
‘Evapén Tolvaptan

FEEEENE NN

A

Fevetikog €Aeyxog (Next generation sequencing og mtaveA yovidiwv]

H voukAegotidikn mapaAAayn ¢c.3161+5G>C oto ecwvio 13 tou
yovidiou PKD1, (NM_00296),

Oewpeita afEBaing kKAIKAG onuaotag (Variant of Uncertain
Significance, VUS)

MRI (27 etwv) peta 3 €tn o€ Tolvaptan
Total Kidney Volume: 1522 ml (895 ml/m), [+37ml avti tou

avoapevopevou +225 ml], 1E, e-GFR: 97 ml/min
ESCKD prediction (Mayo Clinic Formula): 16 €tn

e-GFR: 97 ml/min (2024, 5 €tn o< Tolvaptan)




2024: emavatloAoynon tng naboyovikotntag tng mapaAAayng tou yovidiov PKD1

Rules for combining criteria to classify sequence variants
(Table 3)

Pathogenic

(i) 1 Very strong (PVS1] AND
a) =1 Strong (PS1-PS4) OR
b) 22 Moderate (PM1-PME) OR

¢) 1 Moderate (PM1-PM6) and 1 supporting (PP1-FP5) OR

d) 22 Supporting (PP1-PP5)

Supporting

Moderate

Strong

(i1) 22 Strong (PS1-PS4) OR

(iii} 1 Strong (PS1-P54) AND
a) 23 Moderate (PM1-PM6&) OR

b) 2 Moderate (PM1-PM&) AND 22 Supporting (PP1-Fj

c¢) 1 Moderate (PM1-PM6E) AND 24 suppory

(i) 1 Very strong (PVS1) AND 1 mo; (PM1-PM6) OR

(i) 1 Strong (PS1-PS4) AND 1-2 moderate (PM1-PM6) OR

{iii) 1 Strong (PS1-PS4) AND 22 supporting (PP1-PPS) OR

(iv) 23 Moderate (PM1-PM6) OR

{v) 2 Moderate (PM1-PME) AND 22 supporting (PP1-PPS) OR

(vi) 1 Moderate (PM1-PM6) AND 24 supporting (PP1-PP5)

Absent in population
databases PM2

Prevalence in
affecteds statistically
increased over
controls PS4

Multiple fines of
computational
evidence support a
deleterious effect
on the gene /gene
product PP3

Novel missense change
at an amino acid residue
where a different
pathogenic missense
change has been seen
before PM5

Protein length changing
variant PM4

Same amino acid
change as an
established
pathogenic variant
PS1

i) 1 Stand-alone (BA1) OR

Benign

(ii) 22 Strong (BS1-854)

(i) 1 Strong (BS1-854) and 1 supporting (BP1-BP7) OR

Missense in gene with
low rate of benign
missense variants and
path. missenses
common PP2

Mutational hot spot
or well-studied
functional domain
without benign
variation PM1

Well-established
functional studies
show a deleterious
effect PS3

(il) 22 Supporting (8P1-8P7)

Cosegregation with
disease in multiple
affected family
members PP1

Increased segregation data

(i) Other criteria shown above are not met OR
(ii) the criteria for benign and pathogenic are contradictory

De novo (without
paternity & maternity
confirmed) PM6&

maternity confirmed)
PS2

De novo (paternity and

‘EAeyx0G EAAELUUATWY KAl SUTAACLOOUWY (multiplex ligation-dependent probe amplification, MLPA) oe PKD1-PKD2 : apvnTIKOG

» 1 moporroyn €.3161+5G>C tov yovidiov PKD1 dev aviyveOOnke 6To dEiyIloTO TEPLOEPIKOV GILATOS TOV YOVEMY
» 1 mopoAloyn 0ev £xel aviyvevbel oe vy dtopo cOUP®VO pE TN Pdorn dedopéveov gnomAD v4.0,

» 1o in silico wpoypappate extipnons radoyovikétntog (spliceAl and dbscSNV) npoprénovy 6t n mapariayn Oa
£xel Ta00AOYIKT] ETIOPAOT OTNV TUPAYOUEVT] TPOTEIVY

H roporroyf ¢.3161+5G>C tov yovidiov PKD1 yapoktnpileror og mOavag maforoyiki) coppovae pe tig
6veTdosg Tov Apepikavikov Koileyiov lotpukig I'everikng (PS2, PP2, PP3 Moderate).




Od£AN YeVETIKNAG SLAYVWONG yla T CUYKEKPLUEVN alocOevi

Awayvwon akpiBeiog (+ dtadopikn ditayvwon):
o€ de novo epdavion yeveTkng mapaAAoyng Kot vOoGou

Mpoyvwon

PROPKD score 4 [ADPKD-PKD1 non-truncating](svdiapeooc-xapunAog kivduvog)
* o€ a0Bevn pe dpatvopevikd vPnAo kivbuvo

* Sev UTIAPXOULV OUYYEeVELC 1°V BaBuoU pe tnv idLa yevetikn mapailayn

OLKOYEVELAKOC TIPOYPOAHATIONAC: YVWPLIEL TNV YEVETIKNA TTOPOAAAQY) KoL UTTOPEL vaL
arnodUyEL TNV KAnpovopnon tng ota ratdld tng

Avvntikn HeTapooyevon vedppol amo Toug Yyovelc tng (amodedeypeva dev €xouv Tnv
YEVETIKA TtapaAAayr) — vooo)




“Take-Home points and Looking Ahead”

» ‘000 auavetatl n KAWLKN Xprion Tou YeVETIKOU eAEyxou, oL Baoelc Sedopevwy Ba
gumAovutifovTol e YEVETIKEC TTOPAAAAYEC KoL TN KALVIKA TOUG avTLotoiXlon

» AuTO Ba €xel WG OUVETIELQ, oL tapaAAayEG ayvwotng onpooiog (VUS) va
TEKNPLWVOVTOL TIPOG TN CWOTH KATeLBUvVon ocuxvotepa

» Amnoapaitntn, N €€olkelwon TWV KALVIKWV YLATPWV LE TIC SLadIKOOLES
» Ta VUS égv npenel va Unep-eppnvevovtal. Ta meploootepa Ba amodeyBouv
aBwa (kabévac £xel TOAAEC yeVETIKEC TTapaAAayEC) aAAd...av Bpebouv o€ yovidia
TLOU €£XOUV OXE0N ME TOV POLVOTUTIO, N EMAVOELOAGYNON TOUG UIMOPEL val €XEL
KALVIKA onuoaoia.

» H oulitnon Twv eUPNUATWY UE YEVETLOTEG N EUTIELPOUC 0TO B€pa KALWVIKOUC ival
XPNOLUN



Autosomal Dominant Polycystic Kidney Disease (ADPKD)
(MoAukuotikr) Nooog twv Nedpwv KANPOVOUOUEVN UE eMLKpatouvTa xapaktipa, MKN)

Ovopatoloyia — Novotumnog — Qawvotumog — KAwvikn opeia - Npoyvwon

Gene % screened  # of families * Disease designation ' Kidney phenotype l

rarenal phenotype Comments
families
- ™ - ~
Unknown/not ADPKD Bilateral PKD, kidney Liver cysts, including A wide phenotypic range in terms
screened enlargement, age-related CKD, severe PLD, increased of TKV and KF risk and timing
L ) \may resultin KF J \_riskof ICA
4 ) . . T o ) — - - a - —
PKD1 ~48% >3250 Truncating pathogenic Bilateral PKD, early kidney Liver cysts, including Includes some disease variability
variant: ADPKD-PKD1 enlargement, CKD G3, ~ 40y, severe PLD, increased including a more benign course,
KF in 50s risk of ICA sometimes associated with
\ 7\ | mosaicism J
~19% >1750 rN{)ntruncating pathogenig " Bilateral PKD, kidney 3 ‘Liver cysts, including rPhenotype ranges from severe a;
variant: ADPKD-PKD1 enlargement, age-related CKD, severe PLD, increased PKDT truncating to mild PKD in
\. v may result in KF risk of ICA old age, partly depending on the
~— \ 7 N degree of residual protein functior
N
PKD2 ~15% >1000 ADPKD-PKD2 (" Bilateral PKD, milder and later rI_i\ﬂar cysts, including Includes some disease variability
kidney enlargement, CKD G3, severe PLD, increased including a more severe or more
L ~55y,KFin 70s Lrisk of ICA Lbenign course )

65903, .«
P MULTY SVG/11




OvopatoAoyia — Nlovotunog — @awotunog — KAwvikn mopeia - Mpoyvwon

fGene ’ %screened  #offamilies*  Disease designation (@ney phenotype \ ﬁtrarenal phenotypa Comments
families
ALG5 <0.5% <10 ADPKD-ALGS Mild to moderate cyst A few liver cystsin a
development with limited minority of people
kidney enlargement and
fibrosis CKD and some KF in
older subjects
ALG6 <0.5% <10 ADPKD-ALG6 Generally mild with or without Liver cysts including Can present as ADPLD.}
preserved kidney function severe PLD
ALG8 ~1% <40! ADPKD-ALGS8 Generally mild cystic kidney Liver cysts, including Can present as ADPLD. ALG8 is
disease with preserved function severe PLD. ICA risk likely a low penetrant genotype.*!
into old age unclear
ALG9 <0.5% <20 ADPKD-ALGY9 Mild to moderate cystic disease Liver cysts are common
with significant CKD in older
people
DNAJBI11 <0.5% <30 ADPKD-DNAJBI11 Bilateral small cysts, limited or Liver cysts, usually mild, ADPKD-DNAJB11 has similarities
no kidney enlargement, ICA and vascular risk is to ADTKD, because of the small,
progressive fibrosis, limited possible fibrotic kidneys, but visible cysts
CKD G3a <55y, but KF in 70s are usually present
GANAB <0.5% <20 ADPKD-GANAB Mild cyst development, limited Liver cysts, including Can present as ADPLD
CKD, no KF severe PLD. ICA risk
unclear
IFT140 1%-2% <50 ADPKD-IFT140 Few, large bilateral cysts Liver cysts only rarely
resulting in kidney enlargement, seen, with risk of ICA
with kidney function usually unclear
preserved into old age
NEK8* <0.5% <20 ADPKD-NEK8 Bilateral PKD, kidney Liver cysts rare De novo occurrence was reported
enlargement, KF in childhood, in 75% of the published cases."
occasionally later in cases of
specific alleles and mosaicism
PKHD1 ~1% <50* ADPKD-PKHD1 Generally, very mild cystic Liver cysts are common, Biallelic pathogenic variants are
kidney development with and can be see without associated with ARPKD. Can
preserved function into old age kidney cysts present as ADPLD. Monoallelic
PKHD1 is likely a low penetrant
\ ) \ )\l VAN ) genotype:
f Genetically ~5% ADPKD Typically, mild cyst Liver cysts Most unresolved cases have
unresolved development with limited CKD relatively mild disease
by testing and KF
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(15%)
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Stop-gain
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(19%)

Protein-
ADPKD e
ICD-9/10 variants
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Insufficient
data (n=42)
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~--Variant class -~~~

- Varianttype -

JAMA | Original Investigation E
Exome Sequencing of a Clinical Population for Autosomal Dominant JAMA December 27,2022 Volume 328, Number 24
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Avépag 52 etwv
Aldyvwon vedplkwyv — NMATIKWV KUOTEWV o€ nAkia 40 eTwv

Mntépa: vedpLKn + NTTATLKN KUOTLKA VOOOC, vePpPLKN Aettoupyia K.d. HEXPL TA 65 €T — KATEANEE EVTOG
TPLUAVOU UETA amo EMLUOAUVON-pAEN NITATIKWY KUOTEWV-VEDPLKN QVETIAPKELQ

ZuvoAkdg Oykog Nedbpwv 610 ml (270 ml pucioroyikd), 1B katd MCIC, e-GFR 90 ml/min

Amotélsapa:
ATo TV avaioen) aviyvevInKe 1) TUPUKATE VOUKAEOTIOWKY Tapuriay os sTepolvyoTia: 13119600
Noonpa (OMIND t2_l_>|ade__fs_tra ABD U Bmbh e
Tovidwo | I'evopikég eovrstaypéves mapoiiayig MAF~* Tomog ko kKarataln™* Kal Tpémog TR=3260 S2 years
KA POVOUIKOTNTUS
upeppnvedoyn [Molvkvotikny vooog
NMebD 83 3 GOST > (5 TV \"S{dejv' 3
N Tl =t ; A > (600666)
GANAB p.(Met632Arg) ap(;:j;c;;(g mB_avo)c_
LOYIKT
(Takn4) AD

Ileprypugpny mapuiiayic Paciopevn oty HGNC. * Genome Aggregation Database (gnomAD) ** ocopoove pe g ovotdaceig tov Apepikavikon Koieyiov latpuaic
Tevetikiic (ACMG).

Alayvwon akpBeiac SnAwTtikn tou GatvoTuUIou Kat TG
POYVWOoNG

CAD—-1 168

ADPLD 1 ADPKD - GANAB

Gene %screened  #offamilies*  Disease designation Comments
families
GANAB <0.5% <20 ADPKD-GANAER Mild cyst development. limited Liver cysts, including Can present as ADPLD
CKD, no KF severe PLD. ICA risk

unclear




Owkoyévela

Natépag os apokadapon ano nAkiog 43 etwv Aoyw MKN

Téooepa ntadia - kopitola, 16, 15 kat 11 etwv (ta Suo teAevtaia didupa)

Natépag, yevetiko eAeyxo e Targeted next generation sequencing (t NGS) gene panel

T'oviowo I'evopikés cvvtetaypévee moporioyng MAF* Tvmoc kot KuTOTUEN ™
’ i - TTopeppmvedoyn
— { Nh.-1_001og919;u;_;1.i 831 1G,»A] enomAD: -
p-&lu ys . . ;
rs1057518897 1000 G: HUPU)J.,UTI]Pﬂ'GGO}\.OYIKl]
TaEn1
o o
Non-truncatlng variant i
/ v ! Cleavage of polycystin-1 requires the receptor for
Mou OMWG ﬂpOKdAEl ! egg jelly domain and is disrupted by human
, , i autosomal-dominant polycystic kidney |
COBapn AEIIOUpVI.Kn ! disease 1-associated mutations
’ ) NTF
BAABn otn NMNoAukuotivn-1 ;
(G-protein Coupled receptor i PNAS | December 24,2002 | vol.99 | no.26 | 16981-16986
proteolytic site) ¥
CTF

Aidupec, 11 stwv, Echo vedpwv pucloloyLko

S

1" [Sanger sequencing: oTOXeUHEVN avixveuon] 2to uTto avaAuon Seiypo AEN aviyvelBbnke n

HeTaAAaén ¢.8311G>A (p.Glu2771Lys) Tou yovidiov PKD1

2" [Sanger sequencing: otoxeupévn avixveuon] 2to umo avaivon delypo AEN aviyvelOnkKe n

HetaAAaén c.8311G>A (p.Glu2771Lys) tou yovidiou PKD1.



Kopitol 16 stwv: Echo(+) yia kUotelg amd nAwkia 2 etwv, untéptaon SLyVWOUEVN OTN
npwtn entiokePn (15 etwv) (Aywyn pe a-MEA)

TR=3

o 0 [Sanger sequencing]: PKD1: ¢.8311G>A p.Glu2771Lys

((6La petaAAaén pe matepa)
Total Kidney Volume: 623 ml,
1D
PROPKD: 6, Intermediate Risk (2 hypertension <
35, 2 PKD1 non-truncating) , Matépacg oe AMK o€
NALKL 42 eTwV
e-GFR: 120 ml/min
‘Evbelén yia Tolvaptan, LOALG yivel 18 eTwv

e

O OO O A |

-----------------

img: 19 JPEG[3:1]

Kopitot 15 etwv: Echo (+) ywa vedplkEg KUOTELC amo nAkia 8 etwv, Yrtéptaon,
Sdtayvwon+a-MEA og nAtkia 15 etwv.

[Sanger sequencing] H idta petdAAaén pe matepa ko adeAdn : ¢.8311G>A (p.Glu2771Lys)

Total Kidney Volume: 657 ml,

1E

e-GFR: 137 ml/min

ESCKD prediction (Mayo Clinic Formula): 25 £tn

PROPKD: 6, Intermediate Risk (2 hypertension < 35, 2 PKD1
non-truncating), Natépac oe AMK og nAwia 42 stwv
‘Evéelén yia Tolvaptan, LOALG Yivel 18 eTwv

e

OO O

uuuuuuuuuuuuuuuuu




O YEVETLKOC EAEYXOC 0TN GUYKEKPLUEV OLKOYEVELXL
Totonoinoe tn yevetkn BAAPn (6tayvwon akpiBeiag)

ADPKD-PKD1
Non-truncating (aAAé pe coPapég cuvéneleg)

c\‘\

Bornbnoe otn mpoyvwon (PKD1) [smBapuus@b
BonBa otn AP n Beparmeutikwy ano@s Vv (Toxéwc e€eAloGOMEVN VOO OC)

anékAeLoe Tn vooo o€ duo U q OLKOYEVELQG

e eAelBepOC OLKOYEVEL OYPOLUATIOUOC

e duvntikeég Zwosq PY¥eC VEDPLKOU HOGYXEVOTOG YLa Ta UTTOAOLUTAL LEAN TNG
OLKOYEVELOLC

BonBd o0TOV OLKOYEVELOLKO TIPOYPOLUUOTLOUO TWV SUO HEAWV TNG OLKOYEVELOC TTIOU €XOUV
TN vOoo



Practice Point 1.1.7:

People with ADPKD, families,
healthcare providers, insurance
companies, and others dealing
with the welfare of the patient
need to be educated about the
significance of the ADPKD and
ADPLD nomenclature.




MéEBodoL yeveTIKOU EAEYXOU

Targeted next generation sequencing (t NGS) gene panel : kUpLa péBodocg

Sanger sequencing: oTOXeUMEVN avixveuon AON yvwoTtn ¢ LETAAAAENC OTNV OLKOYEVELQL
Whole exome sequencing (WES) slice

Whole genome sequencing (WGS) slice

Multiplex ligation-dependent probe amplification (MLPA)

Mo va tebei yevetikn dtayvwon n LeTAANEN TIPETEL VAL EXEL XOPAKTNPLOTEL WG
NaBoyevetikn
MBava naboyevetikn

YUpdwva pe Ta KpLtpla Tou Apeptkavikou KoAAeyiou latplkig MFEVETIKAC Kot
FoviSlwpatog

Variants of uncertain significance (VUS) 6ev urtootnpifouv yevetikr dtayvwon.



Situation

Genetic findings

Limited number of cysts

Positive result can show a genetic origin (minor gene or
hypomorphic allele)

Variable disease severity in a family

Mosaicism or biallelic/digenic disease can explain some extreme

variability

Atypical imaging, including
asymmetric or unilateral disease

Positive result can show a genetic origin (mosaicism or minor gene
involvement)

Discordance between structural
(MIC) and functional (GFR)
ADPKD severity”

Genetic testing may reveal an atypical form of the disease or
additional genetic or contributory factors. Non-genetic factors may
also be important.

Negative family history

Positive result can show a genetic origin (de novo mutation can be
proven)

VEO-ADPKD

Biallelic disease may be found (Chapter 9)

Related living transplant donor (<30
years and/or a few cysts detected)

Genetic testing can exclude the familial variant and test for other
genetic causes

Famuly planning and PGD

Obtaining a genetic diagnosis can aid family planning and enable
PGD (Chapter 8)

[All people

Genetics can confirm the diagnosis, 1dentify the responsible gene
and variant, and provide prognostic information




Practice Point 1.4.2.8: The Predicting Renal Outcome in Polycystic Kidney Disease

(PROPKD) score can aid the identification of people with rapidly progressive disease
over 35 years of age.

Variable Patients (n) HR (95% Cl) E:ﬁﬂg :::I;Eis P Value PR;::E‘; ;:Lm

Sex

Female 541

Male 432 1.55(1.29 to 1.88) 1.27 t0 1.89 =<0.001 1
Hypertension before age 35 yr

Mo &79 0

Yes 294 211 (1.71 to 2.61) 1.71t0 2.62 =<0.001 2
=1 urologic event before age 35 yr

Mo 734 0

Yes 239 1.73(1.381t0 2.18) 1.35t02.24 =<0.001 2
Mutation

FKDZ2 1864 0

PKD1 nontruncating 239 2.27 (1.57 to 3.28) 1.61t03.18 0.002 2

PKD1 truncating 548 475 (3.41 to 4.60) 3.83t06.60 =<0.001 4

(gross hematuria, flank pain, or cyst infection)
1.0+ B,
The PROPKD Score: A New Algorithm to Predict

Renal Survival in Autosomal Dominant Polycystic
Kidney Disease

The PROPKD score
categorizes patients into
low risk (O to 3 points),
intermediate risk (4 to 6
points), and high risk (7 to

\ 9 points) for progression
s 'ILn?:n;i;me risk " "\‘“:\ o to ESKD,

THigh risk Y\ -

e
o
1

o
(4]
1

1341 pa'n:en'ts from the Genkyst cohort

oS
P
L

Cumulative probability of survival to ESRD
(=}
N
A

J Am Soc Mephrol 27: 942-951, 20146
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Avbpag, 52 etwv pe tuniko ¢patvotuno ADPKD, apvnTiKO OLKOYEVELOLKO LOTOPLKO

Noonpa (OMIM)
I'ovidwo | I'evopmkég cuvtetaypnéves mapariayng MAF* Tomoc kot katateln™* KU1 TPOTTOC
KANPOVOMIKOTNTUC
®%0n paTionoTog [ToivkvoTikn vOGOg
TV VEQP®V
NM 001009944 .3:¢.10405+2T>G . .
PKD1 — @ gnomAD: - apairoyn mOavOS (173900)
P nafoioyikn
(Taén4) AD
Substitution Single nucleotide AAGgtaatt... 21 +1G=T e 1st intronic nucleotide runcated protein expected;
(splice variant) substitution Lys intron (guanine) is changed to a splice site abolished if
\L \ thymine; no protein first or second intronic
A 2 H consequence is defined base is modified;
napaAAavrl esonq uatlouatog taatt... / givenec!ntrrmic variant pathogenic in majority

AAGH
Ly

s intron of disease mechanisms

ADPKD - PKD1 (T — truncating)

+ J e GFR 6lopbwpévo
nAtklaka (< 60 ywa 50-55
ETWV)

HETKV (mL/m)

- Mayo class 1C with additional evidence of rapid disease progression® + PROPKD score > 6,

e 2 ouyyeveic 1°V BaBuou

og TZIXNN < 60 sTtwv ' LTS : SAR=1.337
> 4 Lid Zoom=322%

15 20 25 30 35 40 45 50 55 60 65 70 75 80
Patient Age (Years)

e — GFR 68 ml/min
, ; (At risk of ) rapid progression
De novo (xwplg owkoy. lotopLko) Tolvaptan

PROPKD: 8 (1 male+1 Hypert+4 Truncating) Indication for treatment




. ZuyvonTo o
Tovidw | IsvopikEs CUVTETOYNEVES TOPOLLAYIS L Tvmoc Kot KeTdTeln moporieyis
QiATLOPO pPLV
Truncatin g NM_001009944.3: c.11457C>G Avepunveboiun mapariay
PEDI1 gnomAD*: -
p-(Tyri8loTer) MoBoionkn mopoiiom) (Taincss)
*Genome Aggregation Database (gnomAD).

Y10 uno avaAuon Selypa avixveuBnke emniong n voukAeotdikn napaAiayn c.4787C>T (p.Thr1596lle,
rs758082560) tou yovidiou PKD1 oc etepoluywrtia. H ouykekpiuévn mapardayr Sev éxet avapepdei uéxpt
onuUEPa o€ naoyovra ano ditatapaxn cuoxeti{opevn Ue 1o yovidlo PKD1 oti¢c ouvaeic Baoeic dbedouevwv (ClinVar,

dbSNP) kat otn Stedvr BiBAloypagia. Oswpeitat maparrayn aBgBaing kKAwikng onuaciag (Tagng 3) [VUS] clpudwva
LLE TIG CUOTAOELG Tou ApeptkavikoU KoAeyiou latplkig MreveTikig.

luvaika 21 etwv, [ADPKD-PKD1-T] PP3, moderate pathogenic, multiple
Noatépac 41 etwv oe AMK, aneBiwoe 52 etwv Adyw AEE lines of computational support

2 etwv Echo (+) yia vedpikég KUGTELS PM2, not found in gnomAD

Amno 12 etwv umnéptacn + ACEls

e — GFR 84 ml/min

PROPKD score: 8 (2 HTN, 2 Urologic Events, 4 PKD1-truncating)

TKV 640 ml, 1C, MRA eykeddhou (-) Tolvaptan, unAoV Kivduvou

| 3529102

o | EnavagloAéynon VUS ce Sgitepo xpovo

MBavi abpoiotikn 6pdcn VUS pe tnv noBoyeveTtikn
(truncating) mapaAAayn:

EMLOETIKOC paLVOTUTIOC + EMPBAPUHEVO OLKOYEVELAKO
LOTOPLKO)




Reproductive Options for ADPKD (véa KDIGO) — yeveTikog EAEyX0G
\ =
e =
N\ / / /
\* ¢ N\

50% chance of newborn Newborn without ADPKD Newborn without

with ADPKD Egg/sperm donor will be ADPKD
the biological parent




Gene editing

World’s first CRISPR medicine approved in UK
for sickle cell, beta thalassemia

FDA clears first CRISPR treatment for a
second disease, beta thalassemia

Transfusion independence occurred in 20 of

22 patients who could be evaluated (91%)
N Engl J Med 386;5

Target CRISPR
DNA — molecule

3

7

Awayvwon akpBeiag, amapaitntn!

/|

SEARCH cuTt EDIT

A CRISPR molecule 9 The CRISPR enzyme cuts e A new custom sequence
finds a precise location the target DNA at the can be added when the
in the target DNA. point found by the guide. DNA is repaired.

CRISPR/Cas9

DNA editing

PRECISION GENE REPAIR

Uditi's genetic disorder, FENIB, was the result of a single-base mutation in the SERPINIT
gene. Researchers aimed to use an adeno-associated virus (AAV) to deliver the
instructions for a CRISPR-Cas9 base editor that could fix the mutation in brain cells.

ITargetmutationI

'

I ITTTTTTTTI TTTTT
Ir[IIIHAHIIIrI LI

AAV vector carrying genes encoding Cas9,
adenine deaminase and guide RNA

Viruses deliverl

|

genes to brain cells

i Guide RNA

Adenine
deaminase

Guide RNA
binds to the

II.) target sequence

(———rye ey |
Cas9 cuts "“!',lll
3 one strand L
Adenine deaminase

‘ of DNA
A\
changes the base

adenine (A) to inosine (l) DNA repair
initiated

v

ITTTTTTTeT T T TTT I T
(IR AN EE NN
DNA repair and replication changes
| to G, correcting the mutation










