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YnrevOuuion pocizmv evvolov



An allele 1s one of a series of alternative forms
(genotypes) at a specific region of a chromosome
(locus). At the DNA level, different alleles have
different base sequences.

Allelic heterogeneity refers to the common
occurrence of multiple pathogenic variants in one
gene that all result in the same disease or
syndrome. As an example, more than 2000
variants in the Cystic Fibrosis Transmembrane
conductance/aywyiuotnta Regulator (CFTR)
gene cause cystic fibrosis.



Q¢ evmhocLoion 0QLCETAL OTTOLOCONTTOTE AQLOUOC
YOWUOOWUATWYV Elvor QP ES TOANATAACLO TOV 0QLOUOU
YOWUOOWUATWYV TTOV VITAQYEL O€ £VAV GUOLOAOYIXO
QITAOELOT) YOUETT (EVag avOQ VOGS GUOLOAOYLLOC
YOUETNG TTEQLEYEL 23 Yowuoonuata). Omwg Hon
avapEQONKE, 0 AVOQMOIVOC 0QYAVIOUOS ELVOL OLITAOELOTG
UE ©A.0e PuOLOAOYIHO EVTTAOELOLRO CWUATINO TOU
®UTTOQO VA TTEQLEYEL 46 YOWUOODUATA.

An euploid human karyotype has 46
chromosomes. Aneuploidy — The state of
having an abnormal number of chromosomes (3).
Aneuploidy can affect the entire somatic cell
population, as in trisomy 21, or it can affect a
subset of cells, as in a tumor.



AV YLVEL YOVLLOTTOINOT WOQLOV UE 2
oneQUaTOoCmwaoLo Ba TporvYouv
mo.0ohoyLrot raQuoTumoL (69X XX,
69XXY,69XYY) evo av
YOVLUOTTOLNOEl 1WAQLO YWEIS YEVETIRO
VAMXO UE EVO OTTEQLATOCWAQLO TTOU
OLTTACLOLALCETOL OOl TTOORVYPEL QLOYLRO
RUTTAQO UE 1AQUOTLTTO 46X X 1)
46YY mov O mEQLEYEL YEVETLHO VALKO
LOVO TTOTELANG TTOOEAEVONC (OTTIWG
TO.QOTNOEITOL TNV VOATLOMON LWOAY).



1. KYTTAPIKOZ KYKAOX

Meta a0 o aQyLrn GAoT) LUTTOQLKNG
nocutoc (tnv GO), av vTaEEEL OLEYEQOT TOV
KUTTAQOV (IO OQUOVES KO AVENTLXOVC TTOL-
OAYOVTEG), EEULVAL O HVTTAQLUOC HVXAOG TTOU
TEQLAOLUPAVEL, HATC. TY) XQOVILXT] OELQC. TTOV
ovupaivouv, Tig eENc 4 paoeis: G1, S, G2 nou
M. O nvtTaonoc ®vrlog puuiCeton oo
OLAPOQOVE TTALQAYOVTES %O YOVIOLAL, OTIWC TO
pd3 no to p21 (Dai et al 2003, Kaneuchi et al
2003). Ta teAna oLapogomotnueva (terminally
differentiated) ®0TTOQO OEV EAVOELOEQYOVTOL
O€ HVTTOQLRO HUKAO.



2t ¢aomn G1 mopaTnEELTaL EVIOVT)
BroovvOeTint 0000TNELOTNTO EVEUUWYV KOLL
TPWTELVAOV, ALTTOQALTNTWV YL T1) OVVOEOT) TOU
DNA.



211 Gaon S yivetouw oLThaola.opog tov DNA.



2t ¢aon G2, omwe wow oty G1, mapatneeiton emiong
£vTovn PLoouvOEeTIXT 0QOOTNOLOTNTO TTOV OLOTTEVEL OTNV
emOL00woN Twv AaODV artd TOV OLTAAOLA.OUO TOU
DNA. Ta AdOn avtd yivovtal »atd TNV Tomo0ETNon TV
Paocewv otV ratvovpyla alvoioo. H iwavotnta
emoOL00wonc twv Aabmv tov DNA ®Anpovoueitol o€
ELOLKA. YOVIOLO. AV YLOL OTTOLOVOT|ITTOTE AMOYO OEV YIVEL
ovvarti 1 emoLoOwon Twv Aabmv tov DNA, Oa

0. TNENOO0UV UETOAAAEELS YOVILOIWV RO OLOTAQOYT
TNS GUOLOAOYIUNG HUTTOQLXNG AettovQyiag. Ta
TEONYOUVUEVOL WITOQEL VO 00NYNOOVV OE QUENUEVN
TWOAVOTITA RAQAULVOYEVEDT|G.
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Polyploidy is a condition in which the cells
of an organism have more than one pair of
(homologous) chromosomes.

Haploid (N)

Triploid (3N)
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Diploid (2N)

Tetraploid
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Epistasis — The process by which variations at two or more genetic
loci interact to produce phenotypes different from the individual
effects of each variant. This process 1s often referred to as either a
gene-gene interaction or a genetic modifier effect.

Eucaryotic (missing)

Euploidy (missing)

Exome — The portion of the genome that consists of exons.



ADENINE: CSHS5NS

THYMINE: C5H6N202 Adevivn
CYTOSINE: C4H5N301 C 5 N 5
GUANINE: C5H5N501




ADENINE: CS5HSNS

THYMINE: CSH6N202 Ounivn
CYTOSINE: C4H5N301 C:+.N,O,
GUANINE: C5H5N501
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ADENINE: C5H5N5
THYMINE: CSH6N202 (“)UMW'] C..N.O
CYTOSINE: C4H5N301 5 22
GUANINE: C5H5N501
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ADENINE: CSHSNS

N e T 1 T e TSSO It results from the attractive forc_:e between a hydrogen atom
o el T 1S P LS S ET T bonded to a very electronegative atom such as O

GUANINE: C5H5N501 Thymine |

3 N Hydrogen Bond 1 o

Adenine

Hydrogen Bond 2

HB2

electronegative electropositive

C5.Ns

It results from the attractive force between a hydrogen atom
bonded to a very electronegative atom such as N



ADENINE: C5HSNS
THYMINE: CSH6N202
CYTOSINE: C4HS5N301 Kvtoo-i’vn

GUANINE: C5H5N501 C4 N301




ADENINE: CSHS5NS

THYMINE: C5SH6N202
CYTOSINE: C4H5N301

GUANINE: C5H5N501 I‘()vaviv]] C5 N5O1




ADENINE: CS5HSNS

THYMINE: CS5SH6N20O2 C5 N501
CYTOSINE: C4HS5N301

GUANINE: CSHS5N5S0O1
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ADENINE: CS5HSNS

THYMINE: CSH6INN20O2
CYTOSINE: C4HS5N301

GUANINE: CSHS5N5S0O1 FOUthv"
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ADENINE: CSHSNS

THYMINE: CSH6N20O2
CYTOSINE: C4HS5N301

GUANINE: CSHS5N5S0O1 I‘OU(IVIJV“

Kvrtooivn




ITapouolmoelg

10 base pairs

| = WH SRR
EE A E I EIEEAEIESEDES
m HHHHHHHHHHHHHHMHHHH
‘s HEEHEEIEEHEEES
o HEEHEEIFIEEIEIE
o HEBEBEBEBEEBEEBEEEH
< HEEEEFFIEIEIELE
a B | SN | SG ) SSE | NS ) N ) NS NS ) S .
o HEIEAEIEIE3ESESEDES
m A EEIEIER RS
~ HEEEEEHE BB
A EA BB BB ES
L HHEEHEEEEEEE
© AEAEIAEAEAEAEAEIEIES
Qo AEAE3E3E3 333535
[} | S| =5 | =5 | =6 | =5 | =5 | =5 | =6 | =8
S HEIEEEIEE3EIEES
S HEHEEBE BB 2
m HHHHI‘HHHHWHHHHHHHHH

1,000,000,000 base pa

Megabase pairs = 1,000,000 base pairs

Gigabase pairs
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byte
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0
1024 bytes
1024 kilobyte
1024 megabyte
1024 ¢
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8 bits
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1 Byte

1 kilobyte

1 megabyte
1 gigabyte
1 terabyte

0
1 byte




ITapouolmoelg

= 1 byte = 8 bits
Kilobyte = 1024 bytes

Byte

10 base pairs N
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= 1,048,576 bytes

= 1024%1024

Megabyte

1 base pair
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Convert Smaller Units to Larger Units
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CFTR.

Byte

Kilobyte
1,024
bytes

Megabyte
1,048,576

bytes

Gigabyte
1,073,741,824

bytes

Terabyte
1,099,511,627,776
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Divide by 1,024

(

Divide by 1,024

(,

Divide by 1,024

(,

Convert Larger Units to Smaller Units

1,000,000,000 base pairs =100 base pairs

Gigabase pairs
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Multiply by 1,024
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Multiply by 1,024
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Multiply by 1,024

»

Multiply by 1,024

Technically these are kibibytes, mebibytes, gibibytes, and tebibytes***
wRk However | am referring to them by their commonly used names *+&*



Kamowa voonuato €xovv #abaod yeveTInn
TEOEAEVOT TTOV ALPOQA EVAL (LOVOYOVLOLAXA) T)
MEQLOOOTEQM YOoVvioLa (toAvyoviorord). Ta
LOVOYOVLOLOXA VOO Ut eUdaviCovtol ovvnOme
O€ OLLOYEVELES KOL OTIAVLOL OTTOQAOLLAL KO
®ANOOVOUOUVTUL OVUPMVO. UE TOVS HAVOVEC TN
MevoeMnng »ANOOVOULROTITOG.



Movoyovidlakd voonuaTa-
UTTOAEITTOMEVO VOO A

!

avdpag pe -cpumo}.ovm‘)n -¢umvovu<oq— YUVQIKQ e
aApiopd yuvaixa aAPIOuS

O\O1 Ot QNIOYOVOL «PUOIOAOYIXKOi»  OAOL Ol QNIGYOVOL «QUOIOAQYIXOI»
75% «QUOIOAOYIKOI» 25% aoBeveig
HE QAPIOHO




201000, OLOTAQOYEC TTOV OPEINOVTAL OE
LOVOYOVLOLOXT) ®*ANQOVOUN 0T €lval ovviOmg
OTIALVLEC.

In the U.S., approximately one in 18,000 (0,0005%) to
20,000 people has some type of albinism



[1epLo00TEQO OVYVEC (VAL OL TTEQLITTWOELS TTOV
TEOAVITTOVV AITO TNV OAANAETIOQ 0T TTOAADV
YOVLOLMV.



AL0POQa VOOT|UATO 0TI YLOL
TOLQAOELYUOL TO OVVOQOUO Down, 1)
uuirt ovoteodpia. Duchenne xow m
OQETAVORVTTOQLAT] CLVOLULOL
OPELAOVTAL OYEOOV ATTOLAELOTLLAL
OTY) YEVETLAT] OVLOTAOT TWV ATOUWYV
(YOVOTLTTOC) %O OEV ENEEACOVTOL
ONUAVTLLA OTTO TO TTEQLPAAAOV.



OQETAVOLVTTUOLHT] OLVOLLULLCL



Mvix1 ovotpodio Duchenne



AvtiDeTa, vTOEYOLVV
ao0€veLec oV OPELAOVTOL
OYEOOV ATTOUAELOTIRA, OTO
TEQLPAAAOV TV ATOUWV UE
Y OLQOHTNOLOTIXOTEQOD
TOLOAOELY LA TS OLALPOQEC
LoAvopatinég aobevelec.



Telog, avapeoa o€ AVTES TIG OVO
RATINYOQLESC VOONUATWYV TTOV £YOVV
ELTE YEVETIUT ELTE TEQLPOAANOVTILR
QULTLOAOYLOL, VITALQYEL WO EVOLAUEOT
AT YOOI VOOT|UATWV TOOO UUE
YEVETIKT] 000 %O TTEQLPAAAOVTLAT)
OUVIOTWOO OTTIC:



® VITIEQTOON,

® LOYOLLLULXT) XOLQOLOTTOOELDL,

® JIEMTIXO £AnOC,

® OYLCODEVELQL,

® OQLOUEVEC LOQDES RAQUIVOU ROLL
® OVYYEVEIS AVWUOALES



® COAYAQMONC OLOLPNTNG




® VITEQTAON




® JIETTTLXO EANOC
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Andrey Rehetsky
I, Contad

Systems Analysis

of Human Multigene
Disorders

‘The schizophrenias’

Complex multigenetic diseases

Multlple genetlc factors —

Spontaneous Later onset including atypical



‘The schizophrenias’

Complex multigenetic diseases

Multlple genetlc factors —

The exact prevalence of
schizophrenia is difficult
to measure, but
estimates range

from 0.25% to 0.64% of
U.S. adults.
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OL ovyyevelc OvouoQPLeS UTTOQEL Va
eLVOLL LOVNQELS 1) TTOAMOTTAES ROl
ovupwva ue tn oedvn PLployoadio
vItoAoYLCETOL OTL ~5% OAWV TV
veoyvov rat 15-20% twv
Ovnolyevav veoyvov mo.QouoldLouV
TOUVAGYLOTOV WO LOVTIOT) OTUOLVTLXT
EX YEVETNC OV UOAlL.



H ouwdyvwon not cwot

ROTIYOQLOTTONON TMWV TTOAAATTAMYV CUYYEVDV
VO UOALOV WToQel va fondnoel otnv
EEAYWYT] OUVUTEQOUOUATWV OYETIRA. UE TN
YOOVLAY) OTLYUN TNG ELPAVILONG, TOV
UNYOVIOUO %Ol TNV OLTLOAOYILOL TOVC.



To 25% meplmov Twv OVCUOQPLOV
OPEIAOVTOL OE YVIOTOUS YEVETIXLOVS KL
YOWUOOWUHROVS Topayovteg, To 10% o€
YVOOTOUS TEQLPAAAOVTIROVS TTALQAYOVTEG
(7T.¢. LOVG) ®OL TO 65% O€ AYVWOTA ALTLOL.



Ta altio Twv ovyyevov avouoiioy
EQEVVIOVTOL UE OWOTT ®ALVIXT) OELOAOYTOT),
EMONLWOAOYIRES EQEVVEC KO UE T UEAETT)
COOV TROTUTWV. £20T000, yocLdieTal
LOLOUTEQN TOOTOYN X#OTH TNV EEAY YN
OVUTEQOOUATOV OO0 SMULXO TOOTVII.
Evoeaixtixa, n Oaiioouion ¢pavnxe oopaing
XOTO TN YO OLUOTTOIN O OE SO0.



H oudyvwon now 1 €0QEOT TS QWLTLOAOYIOG
OV AL.POQOVV TNV EULPAVLOT CUYYEVDV

AV UOAMV VoL TTOAMES POEC YoOoVvVOoPOpO
ralL EMLITOVY). 20TO00, ElVaL ONUAVTLAN N
OLEQEVVTOT) TOVC %O 1] EVEECT QUTLOAOYIOG
TTPOAELUEVOV VO, AVTLUETWITLOO0TVV HALVIRAL,
va. 000€l 1] OWOoTH YEVETIRT] CVUPOVAEVTIXT
®aL VoL 0roAovONB0VV OL aToQ ALTNTES
EVEQYELEC TIQOAELUEVOU VO, EXTLUNOEL O
1{vOUVOG ETAVEUPAVLOTC.



Ot ovyyevelg OVOUOQPIES ElVOL LOKQOOHOTILLES OOUNES
OVTLXOVOVIXOTITES Ol OTIOLES VTTALRYOVV ROTA T1) YEVVNOT] KOL ELVOL
OUVATOV VO, ATT00000VV 0€ EAATTOUATIXT AVATTTUEN OIS 1
YELAEOOYLOTLOL.




Kvotuxn Tvoon



H Kvotixn Tvoon amotelel
EVOL OLTTO TO, OVYVOTEQQ
®ANOOVOULKRA VOOT|LOTC, TTOU
eudpavicovror oty Kavxrdoio
GUAT TAYROOULWS KOL WO OTTO

TLC OUYVOTEQEC auTieg Bavatou

INC VEOYVIUNG. POEPLUNC,
TTOLOLUNC #OL VEAONS EPNPLRNG
naxioc.

It 1s the most common
(monogenic) disorder in non-
Hispanic White people of
Northern European descent.
Median survival >50 years for
individuals born after 2000
(UpToDate 2022). Me pdaon ta
ONUEQLVAL OEOOUEVQL
avauévetal emPionon tov 80%
TV ac0evav peyol ta 50 €1,
en TV OmotwVv To 50% WIToEL
vo. TAOEL UEYOL TO 60 £11.




H ev AOYw vOoOC
®ANQOVOUEITOL UE AVTOOM KO
VITOAELTTOUEVO TQOTO UE
ovyvotnto eppdviong 1:2.000 —
2.500 dtopa ®o oVYVOTNTO.
PopEwV mepimov 5% (0,05), e
LOOTLUY ROTAVOUT ROL OTOL OO
GUAOL.

... %O OVYVOTNTA POQEWYV
meQtmov <5%, pe LooTLUN
ROTAVOUN ROL OTOL OVO GUACL.

Birth prevalence of 1 in 2500.
Carrier frequency of 1 in 24
(0,042) to 1 1n 25 (0,04).
UpToDate 2022



Ztnv EALGOO elvar
OEVTEQT] IO KOLVT)
YEVETLXT] VOOOG, UETA TN
B-0ahocooiuion nol TLg
QLLOOPALOLVOTTIALOELES, UE
TTOO0O0TO POPEWV TAV®
a0 5% (0,05).

Among individuals with
ethnic origins in Greece,
CFTR (Cystic Fibrosis

Transmembrane
Regulator) mutation carrier
rates range from 1 in 24

(0,042) to 1 1n 29 (0,034).

Ytnv EALGOO T0600TO
Gpopemv <5% (0,05).



H elvol uo

TWV
emOniiaxav #xvTTdomy TOU 0QA G
ZOVAAL LOVTOV yAmoeiov QuOuiCovtag
TNV LO0QQEOTIO LETAED TV LOVIWYV O0TO
E0WTEQLRO TWV KVTTAQWV. AToTeAE(
wiow ToAvoQYavIRT) VOOO OV
TEOORAMEL TO eONALOXE HOTTOQO
TOAADV COTLROV 0QYAVOV %L
LOLOLITEQC TOVC TVEVUOVES, TO
YOOTQEVIEQLXO CVOTIUW, TO
Y ROES HOL TO T)TTAQ.

CF is caused by mutations in a single large
gene on chromosome 7. This large gene
(CFTR [Cystic Fibrosis Transmembrane

Regulator]| gene) encodes the

( ) , which
regulates chloride channel function of
epithelial cells of the sweat gland (with
elevated sweat chloride in CF), airway,
pancreas, and intestine. Clinical disease
(mainly) occurs when the above mutations
are present in both copies of the CFTR
[Cystic Fibrosis Transmembrane
Regulator] gene. H éyxouwpn oudyvwon
elvo ©a00QLOTIRTG ONUaoTiaG.

O 1o athOg now YO Y0Q0S TQOTOG Elval
TO TEOT LOQMTA UE TN , HATA TO OO0
LETQATOL 1] CUYXEVIQMGT] LOVIMYV
vatiov 1/xoL yAmweiov 6Tov LOpmT.



H oplotinn oudyvmon, mov ovviOwg
aroAovOel TO TEGT LOPMTA, E(VOL O
EVTOTILOUOC TWV UETOUANGEEWV TTOU
dépel 0 ao0evig pe Eleyyo DNA o€
Oelyua atpuotog.



K010 yapoxrtnolotind
NG VOOOU €lvol M
eUPAVLOT LOLAULTEQDL
TOXVOOEVOTWV O
APUOATOUEVDV
EXUQLOEWV UE
QTOTEAEOULOL TT] OTOOLOXT)
ROTOOTQOPT TWV
mEoava.peQDEVTWOV
0QYAVWV HOL TEMKWDC TNV
ALVETTOLQHXELO TOVG.

Deranged transport of chloride
and/or other CFTR/Cystic
Fibrosis

Transmembrane Regulator-
affected 1ons, such as sodium,
leads to viscous secretions in
the lungs, pancreas, liver,
intestine, and reproductive
tract (including isolated male
infertility) and to increased
salt content in sweat gland
secretions. The typical CF
patient develops multisystem
disease involving several or all
of these organs




More than 95 percent of men with CF
are infertile because of defects in sperm
transport, although spermatogenesis is
not affected. Most of these men have
incompletely developed Wolffian
structures, most commonly, absent vas
deferens (omepuatinog w000g). These
anomalies probably reflect a critical

role for CFTR/Cystic Fibrosis
Transmembrane Regulator in the
organogenesis of these structures.
Nearly one-half of all men with
congenital bilateral absence of the vas
deferens and normal lung function

have two CFTR mutations

Ot mepLocOTEPOL AVOPEC HE KUOTIKN ivwon
(>95%) d€v pmopoulv va anoKTHooUV Tatdi
(xwpic Tn BonBela TNG EEWOWHATLKAC
yovipgomoineng) 10Tt macyouvv and
anoPppakTiKi) alwooteppia. AuTo cuppaivel
Kupiwg eneLdr) yevviOnkav ywpic
CTLIEPHATLKOUC TLOPOUC/CUYYEVIC
AUPOTEPOTIAELPI) ATIOVOIA TWV CTIEPPATIKWV
nopwyv (eiTe emeLdn oL oMEPPATLKOL TLOPOL
gival anoppaypévor».

\; F \ Sigmoid colon
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suspensory ligament of penis . 11!
] j I seminal vesicle
puboprostatic ligament ‘y . ejaculatory duct
perineal membrane prostate gland
external Urethral sphincter // ’ 1 /Il Cowper's gland
penis
omus \Jk U i
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glanspems—#@- \ epididymis
foreskin — tastis
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Male
CFTR/Cystic
Fibrosis
Transmembrane
Regulator rats
have bilateral
absence of the
vas deferens by
6 weeks of age.
Wild-type males
(left) have an
intact
reproductive
tract.
CFTR/Cystic
Fibrosis
Transmembrane
Regulator males
(right) develop
other
reproductive
organs, but
exhibit absent
vas at 6 weeks.
T, Testis; VD,
Vas Deferens.
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CFTR/Cystic Fibrosis
Transmembrane Regulator




Testicular biopsy is a
simple surgical
procedure performed
on men diagnosed with
azoospermia, i.e. the
absence of sperm in
the ejaculate. Thanks
to testicular biopsy, it
is possible to recover
sperm that will be
used in an in vitro
fertilisation (IVF)
treatment in order to
have offspring.
Testicular biopsy is
indicated in men with
absent vas deferens,
cystic fibrosis, seminal
infections and even in
men who have had a
vasectomy.

Absence of
vas deferens

Cystic
fibrosis

Semina

Infectior

Vasectomy



Microsurgical
epididymal sperm
aspiration and
intracytoplasmic
sperm injection
can permit
affected men to
become biologic
fathers

A bsence of
vas deferens



Females with CF are found to
be less fertile than normal
healthy women. The reduced
fertility is induced primarily by
malnutrition and the
production of abnormally
tenacious cervical mucus.
Nonetheless, the assumption
should always be that females
with CF may become pregnant,
and patients should be
counseled accordingly about
contraception and childbearing
decisions.

...otav elval MmoPageis (younio
Bdpoc cuaTog)....

ToaYNAMXT PAEVVA TLO TTOY VEEEVOTN
O TO GUOLOAOYLXO.

O tepLocoteQeg aobevelc OV elval
VITOYOVLUES KO WTOQOVV VO UELVOUV
eynvol. I't” avto ®ol ouviotdTol vo
YONOLUOTTOLOVV AVTLOUAA Y.



Preliminary evidence suggests that treatment with CFTR (Cystic
Fibrosis Transmembrane Regulator) modulator therapy may
increase fertility rates (50 percent after introduction of 1vacaftor
treatment 1n the United Kingdom). CFTR (Cystic Fibrosis
Transmembrane Regulator) modulators are known to cross the
placenta and to enter breast milk. Although several case series
describe no serious adverse events, the effects of CFTR (Cystic
Fibrosis Transmembrane Regulator) modulators during pregnancy
and lactation require further study.



Careful genetic
counseling 1s
essential for
prospective parents
with CF since all
offspring of such
individuals will be
carriers of CF
mutations (and the
risk of children

affected with CF is
high (if the other

parent carrier).

L



H pun amopodpnomn twv exnpioemv
QAUTOV OITO TNV TEQLOY T, LOLWC TOV
BooyyLrnol 0évtoou, ovufPaiiel
OTAOLOUA 0TV LOAUVOT) OLTTO
OLG.PpoEOoVC TTLOOYOVOUC
LUWXQOO0QYAVIOUOUVS OTTWE M
Pseudomonas aeruginosa Le
QITOTEAEOUAL TNV EXON|AWON)
YOOVIWV AOLUMEEMV. OL YOOVLES
AOLUMDEELS TOV KATDTEQOV
OVOTTVEVOTIXOU CUOTTUOTOG
QITOTEAOVV TNV XUVOLO LTI
Ooavatov oe TA.OYOVTES HVOTIXNG
LVOOT)C.

The chronic airway obstruction
caused by viscous secretions 1s soon
followed by colonization with
pathogenic bacteria, including
Haemophilus influenzae,
Staphylococcus aureus,
Pseudomonas aeruginosa.
Although the disease is systemic,
progressive lung disease continues to
be the major cause of morbidity and
mortality for most patients.



Y 160 ovv 0rETES UETAAMAEELC,
mavm oo 1900, Tov yovioiov
:rcommng BaplUTnToag mov 0onyoluv
elTE 08 LEQLUT)/OAKT OWOLGIOM] ™g
Btoavvﬂsong ™g Tc@(m:swng elte o€
TTOLQ ALY Y :rcgmrewng UELWUEVTC 1)
WNOEVIRTG EVEQYOTNTOC L
kewovgym(’)mrag WS LAVAAL
LOVTOV glTe O€ :rcocgowmyn
TOMTELVNC LELOUEVNC T UNOEVIKTC
ota.fepoTNTOC.

H petdANoEN pe tn peyahiteon
OVYVOTNTA TTOYLOO WS Elvol M
f508del.

Over 2100 different mutations in the
CFTR gene have been 1dentified [1]

1. http://genet.sickkids.on.ca/
(Accessed on September 27, 2019).



The delta F508 deletion-CFTR
accounts for a large proportion of
disease-causing alleles in White (70
percent), Hispanic (46 percent),
African American (48 percent),
/ , Ashkenazi Jewish (30 percent) and

H M(“?FOLMO(%TI He ™ I{SYOLKIUTSQTI Asian (30 percent) populations.

OUYVOTITA TAYXOOWS EWVOLT)  Some Native American populations

AFS08 7 £508del. have CFTR mutation carrier
rates..., however, their pathogenic
variants do not involve delta F508.
Among individuals of Ashkenazi
Jewish descent, the most common
mutation is W1282X (accounting
for 46 percent of all CF cases)



AVTLOTOLYEL TTOYLOO WG O€ TTEQLITOV 2/3 TV POQEWV
mo.00yYOvVmV petarlhdEewy Ttov yovidoiov CFTR. X1y
Avtizn Evoonn, n ev Aoym petdAhaEn eudaviCetal
0€ T0000TO TEQRiTov 70% TO 0Toio PpOiveL
rAMUorWTO 0TI Meooyelanég ymwpes (EALGOQ,
Italio, Iomavia nwow ITogToyahia) Omov aviioTouyel
o€ mepimov 40-60% OhwV TV UETAAAEEWY UE TNV
EAMGOO va yopaxtneiCeton amd €va €vp0og UETAED
50-55%.



To vtohoumo 1/3 Twv LETAMAEEDY YaQonTNEICETOL
QIO VYN ETEQOYEVELD. MG TTPOC TY) CUYVOTNTO AL
YEWYQOPLKT] HOTAVOUT TOVC. 2€ AVTNV TNV
ROTIYOQLO avinovV naoleg uetalhacels (R334W,
R553X, W1282X, etc.) mov Oewpolvtal oL

ovyvoTeQES ueta tnv AF508.



Individuals with a single

Toa dtoua mov Gpépouv éva. . . .
¥ P pathogenic variant (carrier

LOVo T80 0YLRO YOVIOLO

Aéyoval pogelc xat eivar status) occasionally develop
amoAVTOS VY. disease limited to one organ
Kafooov avtoomuuxi / I system, known as CFTR-related
UTIOAEUTOPEVT] VOGOG, XAVIKG, \ disorder. The pathogenetic

mechanism responsible for
clinical disease without two
CFTR gene mutations is unclear,
but other genetic or
environmental factors likely

contribute to the risk in some
cases. UpToDate 2022

mBavotnta 25% va.
QITOXTNOOVV TTALOL UE HVOTLX)

OV WITTMUOLTO TTOLQOVOLALOVV

LOVO TOL ATOU. TTOV GEQOVV %ALL

T V0 ToBohoyRA avTiyoada -
(aAAMAOLOO D) TOV YOVLOioU

%O OYL OL POPEIS TOV

uetarroEewv CETR. Ol yoveig

IOV €lval ®oL oL 010 POoEiC o
utog petdhhaeng CFTR, éxyovv

I/JV/(DOT] T(x, JTOO/()O'Ed LOX'{)O’U’V O€ RESEARCH ARTICLE | BIOLOGICAL SCIENCES fYinm l BOth CF Carriers and Subjects

nale eynvpootvn, Cystic fibrosis carriers are atincreasedrisk  with CF were significantly more

i;fgg%mrwg TOU GVAOL TOV for a wide range of cystic fibrosis-related likely than controls to experience
' conditions multiple CF-related conditions

Aaron C. Millr, Alejandro P. Comellas, Douglas B. Hornick, + , and Philip M. Polgreen & Authors Info & Afflations affecting different Organ Systems

Contributed by Michael . Welsh, November 22, 2019 (sent for review August 28, 2019; reviewed by Arthur L. Beaudet and David Fisman)

December 27,2019 117(3)1621-1627  https://doi.org/10.1073/pnas. 1914912117
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(PUOLOAOYIKO YOVidLo Otav now oL 8o
| eig elvau
, €ig, T MOLOLA
CF yovidio Natépa Mntépa )
v , pag , ’ P , TOVG £YOoUV 25%
popEag tou yovidiou CF popEag tou yovidiou CF mOavoTITES VUL
vevvn0ouv ue ™
Madua v000.
B b @
Mauwdi Mauwdi Mawdi Mawdi
UYLAG popéag tou yovidiou CF pop€ag tou yovidiou CF ue KuotkA'lvwon




AV 0 €Vag YOVIOG
VOOEL #aL O AANOG
etval popEag ToTe
o€ na0e

TR

EYHVULOOVVN Natépac Mntépa
vayeL S0% > ®
mOavotnTa TO

ool va etvou I “
Popeag naL 50%

mlavoTnTa VoL Nais Naidi

VOOEL. popéag tou yovidiou CF  pe Kuotikh'lvawon



O HoELaxog EAeYYOC €VOC CEVYOQLOD
TOETTEL VO TTQOLY LOLTOTTOLELTAL TTOLV TNV
EYRUUOOUVN 1] HOTA TO QLY LAA OTAOLOL
wag xmone. 'Etou ol eEgtalouevol
AOUPOAVOUY EYHOLOA TNV HOATAAANAT)
VYEVETLXT] CUUPOVAEVTIRT ROL TN
OVVATOTNTA ETUAOYTNG TTQOYEVVITIANG
OLAYVOONGC, AV ATTOOELYOOVV Ho TOL
OVO0 UEAN €VOC CeVYaQLOV POQEIC.



Limitations — Limitations and
challenges of carrier screening
for CF include:

® Prenatal risk assessment 1s
limited in some ethnic groups
because the specific mutations
responsible for CF in these
groups are incompletely
understood or unknown. In
addition, many people are of
mixed ancestry, making
selection of an appropriate panel

of mutations for screening
difficult. UptoDate 2022

AYVWOTEG
UETAAMAEELS O€
ROITOLEC EOVIKEC
OUAOES



e Although CF screening provides an
opportunity to obtain important
information about a current or future
pregnancy, the information can also
provoke significant and prolonged
anxiety because of

-the inability to reliably predict
phenotype after a positive screen,
-the inability of a negative screen to
reliably exclude clinical disease in all
cases, and

-the improving prognosis for individuals
with CF (median survival >50 years for
individuals born after 2000. UptoDate
2022

Avizovomnto vo TeofAedrel o
GoLvOTLVITOC NETA OO OETIXO Screen



e Once an individual 1s
identified as carrying a CF ~ Kdsoia pehn g
mutation, family members  OWOYEVELQS WTOQEL VO

may learn that they are at 0élovv avth TV
increased risk of being a mAnoodpopnor. UptoDate
carrier even though they 2022

might not have wanted this
information. UptoDate 2022



CANDIDATES FOR SCREENING

We offer CF screening to all couples actively
planning pregnancy and all pregnant people regardless
of personal or family history or ethnicity, in
accordance with guidelines from several professional
organizations [6, 8, 9] UpToDate 2022

Oa émpeme va. VITOPAAALOVTOL O€ TTQOYEVVITIRO
eleyyo vy rvotint) ivoon (KI) oha ta Cevydoua
mov B€Aovv va tervomotnoovy oLotL 1) KI
Oewopeltal 1 mo ovy vy *ANEOVOUOUUEVT) OL0OEVELQL
ot ywoao poc. Eva ota 25 dtouo otov yevird
nAnOvouo (mepimov 400.000 dvBpwmol) etval
PopElc.

Orav o évag yovéag xer KI now o dGAlog giva
dopéag, oL mbavotnteg 0To TERVO €lval 50% va.
exel KI naw 50% va. elval popéac



6. Cystic fibrosis population carrier screening:
2004 revision of American College of Medical
Genetics mutation panel.

Genet Med. 2004:6(5):387.



8. Molecular testing for cystic fibrosis carrier
status practice guidelines: recommendations of the
National Society of Genetic Counselors.

J Genet Couns. 2014 Feb;23(1):5-15.



9. Committee Opinion No. 691: Carrier Screening
for Genetic Conditions.

AU
Committee on Genetics

Obstet Gynecol. 2017;129(3):e41.



Risk factors for carrying the CF

mutation:

e Positive personal or family history

of CF — Couples in whom one or both O ®{vduvvoc

partners have a personal or family QVEAVETOL OF
history of CF (first-degree relative  owoyéveleg ne
[son, daughter, sibling, mother, 1otop1x0 KI.

father] or second-degree relative
|aunt, uncle, nephew, niece,
grandparent]) are at high risk of
carrying a CF mutation.



Race and ethnicity — Non-Hispanic White individuals
and individuals of Ashkenazi Jewish descent have
higher carrier rates (1 in 29), whereas African
American, Hispanic, and Asian individuals have lower
carrier rates (1 in 60 to 1 in 65, 1 in 46, and 1 in 90,
respectively), and they may have different CFTR
mutations than the most common mutations included in
the standard panel.

Because mixed ethnicity 1s common, it 1s important that
all couples understand that CF screening is most
accurate for non-Hispanic White people of Northern
European descent and those of Ashkenazi Jewish
descent since a high proportion of disease in these
groups 1s attributable to common identifiable mutations.
Individuals of other ethnic backgrounds may not have as
great a benefit from current standard CF screening tests
if their carrier rate 1s low or if common CF- causing
mutations have not been identified in their ethnic group

and therefore are not included in the screening panel.

O %ivovvocg Tov va
eloal popéag tne KI
elvou vVYPNAOTEQN O€
OQLOUEVEC PUAES KOLL
eOvinég onaoec.
Engoviletol mo
oVYVA 0€ AEVXOVG
avlommovg oo 0, T
o€ dAheg PpuAeTinég
ONAOES



Findings on ultrasound examination — In couples who decline
preconception or early pregnancy carrier screening, visualization of
echogenic bowel 1n the second trimester, particularly with dilated
bowel and a nonvisualized gallbladder, 1s another indication for
offering carrier screening or, for carrier couples, fetal

diagnostic testing. Sonographic evidence of echogenic fetal bowel 1n
the second trimester has been associated with CF (risk of
approximately 1 percent), as well as other fetal disorders.





https://www.ajog.org/issue/S0002-9378(00)X0003-8
https://www.ajog.org/article/S0002-9378(01)13061-9/fulltext
https://www.ajog.org/article/S0002-9378(01)13061-9/fulltext
https://www.ajog.org/article/S0002-9378(01)13061-9/fulltext
https://www.ajog.org/article/S0002-9378(01)13061-9/fulltext







SCREENING STRATEGIES

Couples with no personal or family history of CF

e Single partner screening — The least expensive and probably most widely used
screening strategy 1s to offer the 23 mutation targeted testing panel to the person
who will be or 1s pregnant. The risk of an affected child 1s calculated based on
this person's positive or negative test result and the background carrier rate for
their partner's ethnicity. Some couples will be reassured by this estimate and will
not request screening of the other partner, especially if the only goal of
screening 1s to determine 1f the child is at high risk of being affected. This
approach 1s also appropriate when the biologic father is unavailable for testing
or 1s unknown.

Couples who conceive using donor gametes can be reassured that donors
identified through the health care system usually undergo genetic screening and
are screen negative, thus testing of the "partner" has already been done;
however, this should be confirmed.




e Serial screening — The next least expensive
screening strategy (called serial screening) 1s
to screen the person who will be or is
pregnant first. If this person is screen
negative, the child 1s assumed to be at low
risk, and the partner 1s not offered screening.
If this person is screen positive, the partner
is screened using the standard panel, and the
risk of an affected child 1s then calculated.
For partners whose ethnicity requires testing
for less common mutations, or for the reasons
stated above, an expanded panel or CFTR
sequencing may improve sensitivity.

AV T0 0LTTOTEAEOUOTO
TOV EEETAUCEMV
OELYVOUY OTL 0 £VOg
oUVTOOPOGS ELVOLL
POPENS, TO ETOUEVO
Puoa givon vo.
eEetaa@eL nou 0 dAhog
VOVEUS.




e Couple screening — The most expensive, accurate, and efficient
approach 1s to screen both members of the couple at the same time

(called couple screening) [2].

This method 1s most appropriate for couples who need to know their
risk of having an affected child rapidly and cannot wait for results
from serial screening, for couples who want the most accurate risk
assessment of having an affected child, and for couples who want to
use their results to inform their siblings about their potential CF
carrier status.



e O mEOYEVVITIROC EAEYYOGC TTOV YLVETOL YL TOV
evtomouo tne KI »now GAAmV yeEVETIXOV OLOTAQ YDV
elvol  ANYm yooroxne Ay vne tov mhaxrovvta (CVS)
®aou 1 auviomopaxevinon. H Anyn yootanng Aayvng
(TooPpOoPAGOTN) UTOEEL VO Tayuotomoln0el peta tnv 11
eLOoUAO0 TNG EYRVUOOVVNG. AUVIOTIUQOLEVTOT] UTTOQEL
Vo ROy U toTtotn0el petd. tn =16m gfooudoa Tng
EYRVUOOVVTG.



Oepameia

AvamvevoTtino (PAQUONO OE ELOTTVEOUEVT) 1] TTOOLUY LOQPT))

1. Kabnuepivd puonobegameio avamveuoTivol rol XATAAANAT Aornon,

1. AmtooAr) Tng mayteevoTng PAEVVOS TOU AvaTTVEVOTIROU (PAEVVOALTIRA,
BooyyooLaoTaATINA)

2. IToOANYN %Ol AVTLUETDOITLOT TWV AOLUDEEWY TOV AVOATVEVOTIROU (AVTLBLOTIRA).
ITANoNG euporaoTint) HAAVYPN ROl OYOAAOTIRT] TN OT) TWV KAVOVWOV VYLELVTG.

3. IToOAN YN %Ol AVTLUETOILOT TNG ATTOPGOAENS TOV EVTEQOU

4. Emopounc ottion. Ioayxrpeatind EvCuua, PLtapives, ovuminomduoto OlotQodpnc,
LVOOUALVT.

EAnioa YLOL TO ueMov TROOGEQOVY VEOTEQES DeQauTeleg TTOV OTOYEVOUV 0TI LOQLOLXT]
BAGPN, Omog elvan M yovidiaxt) Oepameio now Oepameio ue tnv mowteivy CFTR



