FPre-lm Fla ntation
(1enetic Diagnosis

and [Prion Diseases

Bradleg Kaliﬂskg) MD
Amanéa Kalinskg, RN) BSN



Disclaimer:

 We are not Prion researchers. We are not
Reproductive Endocrinologists/Geneticists.

 We do not have any financial relationships to
disclose.



Our C]inical \/igncttc

. Agoung couple in the mid-to-late twenties presents to your clinic to
discuss having children. T he wife carries the gene foran AD, devastating
neuro&egenerative disease that is unhcormlg fatal in the 4th-5th decade. No

treatments options available at present. Theg want to “have hea]thg
children.” Do you have any advice?

. Options?
- Don’t have children.
~ Surrogacg, acloption.
~ Take asno% chance?

AL you test the child in utero? Do you abort the pregnancy?
- Do you test the child at birth? |s that [ thical?

v BfﬁTOFNON What it theg could Prevent the disease from being
inherited by their own biologic children?




Frc~|mP|antatlon Gcnctlc
Diagnosis

Testmg done to screen e erm and embryos
before 1mplantatio gFor cﬁromosoma]
af:mormalitics aneuplon&g/‘cransloca‘uons) 5|nglc
gene disorders, sex, and human leukocgte antigen

(HLA matchmg
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Dricf: FGD background

Fioneered from advances in ART and FCR technologg (i 980’°s~
1990’s)

Today, FP(GD is a worldwide clinical oPtiom that combines AR T,
embrgolog{?, and genetics which has born over a 1000 healthg children at
o

“high risk” for lhce~threatening genetic disorders.

I ver-ex ancling clinical implications (Down’s Sgnclrome, (S S
HID, BPRCA 1+2 and other cancer Preclisposition genes, repeateé

VI failure, repeated loss of pregnancy, LA genotyping, etc) that

are exciting and limitless.

I"or our discussion, we will focus on the role of FGD N singlc gene

defect C!iseases) such as fCJD, GSS, FFI, etc.



1st PGD for FA & HLA
Verlinsky et al, JAMA 2001

iy

o Savior Siblings



Popular Culture:

The Match V4 A
EREHSlnes aRds MY SISTER’S KEEPER )

Heal Their Daughter |
4 Nove

“This beautifully crafted novel will grab
readers with its stunning topic.”

~Prapl




Process and | ime~course

Months to Years Bmcorc Har\/cs’c:

FPatient Counscling (doctors, genetic counselors, clergg, etc) +/-~
(senetic Testing

|~2 Months Bemcore Harvest:

?tan&arcl VT cgcle follicular stimulation of with medication,
requent L2 S loodwork, etc)

Dag / ero:

egg harvest under anesthesia, sperm collection, injection with a single
sperm

D39 /eroto Dag ive:

once fertilized, the embryo will undereo biopsy and testing by polar
body biopsy and/or blafgtomere Biopgsg P 5°JP



First and|second oIt oy, -t
removals : Day. 3. Embryoe biopsy.




Process and Time-course

Dag T hree to Dag Six: await genetic analgsis
if the genetic results become available within the next 48 hours, a

P T will usua”g be done 5 or 6 dags after egg retrieval.
if the results cannot be obtained within this time frame, the

embrgos will be crgol:)rescrvc& until the results are known

Dag 1O A}Cter ]mP]antation:
(_ontinued medications and pregnancy test

4-6 Weeks After ]mP]a ntation:

Stop medications and expectant management

i1 2-20 Weeks After lmplantation:
C\/S VS Amniocentesis i Prmcerred



(1enetic Tcsting of Embrgos:
Fracticcs and Fcrspcctivcs of Ué l\/]:

(linics

e |n 2008, FP(GD was offered bg 74% of ]\/F clinics.

J FGD was used in about 5% of all ]\/F CgClCS in the US

L Oﬂlg few major FGD labs for sing]e gene disorders,
HLA, and translocations.

Baruch et al, Fertil Steril 2008;89:105%-3.



Biogsg for FGD

]s ]t Sa{:c (For the cmbrgg
and babgﬁ




Blastocqst KRates after 1-3

Micromar:ipu]ations for PGP
Januafy 200] ~ Marc/7 2004

FGD 1,65%/%,29% (50.2 %)

Non - FGD i }
]CS] Onlg 9:726 /194529 (49.8 %)

p=NS

Cieslai@Janzen, Tur~KasPa, et al, Mertil Steril 2006



MultiPlc studies show that
children born after FGD
show no increase in
congenital anomalies.

StromJ hy al, 2000; Tur~KasPa et al. 2005;
Munne et al, 2006; Baﬂéljéé et al 2008;

(Ginsberg et al, 2009; | iebaers et al, 2010; Simpson JL, 2010
g P



Health of Children C onceived
atter PGP

o 49 P(5D children and 66 matched natura”g conceived

controls, age range, 3-56 months.

e Outcomes measured: neuro~éevelo§mental screening, health
roblems and parent-child relationships.
i P P

(onclusions:
g FGD children have health and clevelopment that is comparable

with natura”y conceived children.

« [Tamilies had no identifiable difficulties, and if anything,

ersjoyed warmer Pareni}vchilcﬂ re!ationships.

Bamexjcc et al. RPM Online; March 2008
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ls FGD for 5ingle (1ene Defects

Accu rate?

Most important limitation for reliable testing is undetected
allele droP out

Also, AD vs. AR makes a difference

Most studies report reliabilitg of 94-98% with a low end
}Jeing around 90%

Wz” never be 100%. False Negatives are well documented,
as well as Fa!se Fositives.

1 he tcchnoloi IS evcr~evo]ving and imProving (multiple
biopsies, linke Po]gmorphic marker ana!ysis, mu]tip!cx single

cell PCR)
A ] centers recommend Frenatal Testing (C\/S,

Amniocentesis) but most don’t.




How Much Does it (_ost?

2 The average cost of ]\/f: Is $12,000~%15,000.
- PGD tgPicaﬂﬂ adds $3,000 - $5,000.

- VI coverage 1s mandated in some states, (5D is most!y

not.

. Get’cing Cheaper though



How Many Couples with Single Gene
Disorders Would Opt to Choose PGD Over
Prenatal Diagnosis ?

* 74% of couples preferred testing with PGD.

* 80% preferred PGD when PGD could be performed without
any significant delay.

Survey showed a need for high-risk patient and
Physican/Nurse education about PGD options.

Musters et al, Fertil Steril 2009



Cryopreservation:

o e85 st successful human pregnancy of a

CFﬂOPFCSC!’VCd cmbrgo

- USCCJ in 20% of all AR T cgcles and has led
to >7_OOK live births

e Process: Slow Freczing vs. \itrification
- slows metabolic activity to nothing

~ theoretica”g, can preserve living cells for

1,000 years



Cryopreservation:

?ucccss Kate: 10-20% of embryos dor’t survive the
reezin thawing process. Put, those that do seem to do better

Ethan 1) in terms of obstetric and Pc—:rinatal outcomes
Ma%es wari et a]) as 22%-35% result in live births.

SaFCtH: Wennerholm et al showed reassuring neonatal outcomes
N comParison e (Preterm birth, low bir’chweight, and
malformation rates). Though, Ionger studies need to be done.

Expense: $4-00-| ,OOO/gear.

Does storage time influence Postﬁchaw survival and pregnancy

7

outcome? R:g%s et al showed “no” with successful pregnancies up
to 9.2 years arter of storage.



At the E_nd of the Dag_:
| imitations of FGD

«FICFC mag }DC FCW or no norma] embrgos avai]ab]e FOY’ translcer.

There is no guarantee of pregnancy even in otherwise fertile
couples with the transxcer o1C normal goo& qualitg embrgos.

%rgopresewe& biopsieﬂ embrgos may not survive the
; :

awmg/unthawing process.

Embgjos can on]9 be c!iagnosc& as "normal® for the &efect(s)

teste

Analysis of a single cell has limitations and an error rate (1-5%)
that allows for a small Percentage of miscliagnosis .

( Inknown longterm risks to mother and conceived children

I thical Concerns....



I thical (_oncerns

| e Begins at Conception? Destruction of Affected
Ce”s’?

]naccuracy of genetic testing

Reduced Fenetrance of Certain (senetic Discases
(BRCA, etc)

Non-Disclosure Cgcles
Weaning out ]Disabi]i’ciesJ Eugenics.
Adult (Onset [ Diseases. Mag be a cure?




s
4
;

Can PGD used for designing your perfect baby

THE NEW YORK TIMES OP-ED FRIDAY, JANUARY 24, 2003
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(1enetic Sclcction and ["renatal
Diagnosis

. Frenatai diagnosis should be confined to
"seekinf genetic information in order to correct

or avoid unambiguous disabilities or to imProve

the we”~i:><—:ing of the fetus.”

President's (_ommission for the Studg of [T thical Problems in Medicine and Biomedicai and
Bchaviorai Researciﬁ, i98%

e “Theuse omcgenetic tecimolo;g to avoid the
birth of a child with a genetic isorderis in

accordance with the ethical Principics

associated withfhgsicians‘ tiwerapeutic role.”

American Medicai Association. renatal Genctic Scrccning. CEJAReport D - |-92, Fcbruarg
8,201 1



chulation?

o |nthe UK, the [ A oversees and licenses all Procedures relating to embrgo

creation and manipu ation.
IR license is required foreach FGD center for each new condition to be tested.
B ]n Germang, recent allowance of selective cases of FGD has been Permittecl

. FGD is banned in some other E_uro!aean countries, inclucling ]taly, Switzerlanci,

ctc

e |n contrast, there is no federal regulation of FGD in the Urxited States.

Braude etal. 2002



The Future of PGD for Prion Diseases:

* Goal is not that 100% of persons at risk for
genetic prion diseases will undergo PGD.
Rather that 100% of persons at risk are aware
of their reproductive options.

* The technology and screening will continue to
get better and cheaper.

* |[nsurance companies will start to cover these
procedures.



Take Home Message

* Professor Robert Edwards eloquently summarizes:

"A constant worry is the oft repeated charge that these techniques
introduce eugenics to human populations rather than helping to avoid
inherited diseases in fetuses. Great care is essential to avoid any
impression that averting genetic disease in embryos casts any
reflection of the value and equality of the handicapped in a modern
society. And a final challenge to the democracy of science is that the
rich will benefit most from these new advances because health
authorities in many countries still crassly decline to fund IVF and PGD
despite their overwhelming advantages to so many couples. ....There
is no doubt that PGD is bound to offer ever widening opportunities
while demanding the closest of ethical attention.”

"An Atlas of Preimplantation Genetic Diagnosis"
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