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Issues (Ethical, Economic and rechnical)
firom_ Carrier Scheening fior:

« Tay Sachs Disease
e Cystic Fibrosis

e Sickle Cell Disease

e Spinomuscular Atrophy (SMA)

e Fragile X Premutation




The Cassandra
Myth:
Prediction as
a Tragic Curse







Putative Ethical Principles
Relevant to Carrier Testing

1. Beneficence

e The primary benefit is to give reproductive risk
Information and alternatives to high risk couples.

2. Non-Malfeasance
e Anxiety, discrimination, expense, stigmatization

e Cultural sensitivity

3. Autonomy
e Respect for the individual’s rights
e Informed consent
e Voluntariness

4. Justice
e All individuals are treated fairly and equally




Some Considerations for Carrier Screening

1. Disorder impairs health in the homozygous affected offspring.
2. High frequency of carriers in the screened population

. Technically and clinically valid screening methods are available
and cost effective to all.

IVF, prenatal diagnosis and termination are options.
. Consent (informed and voluntary participation) Is protected.

. Knowledge of benefit and harms for carrier testing is
transmitted to the screenee pre and post test. Anxiety over
probabilistic results is minimized.

7. Privacy Is protected (non- discrimination for insurance and job).
8. Stigmatization of the carrier by the community is minimized.

9. Experienced professional resources are required.
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Carrier Screening for Tay Sachs
Disease among Ashkenazim
Woerldwide

(ca 1971-1998)
Total Screened 1,400,000

Couples at Risk 15400

Pregnancies: Vionitored 3,200
Pregnancies hemminated 600
Banjes; Saved 2,600

Kaback M. Euro. J. Pediatr. 3sup:192, 2000
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Tay Sachs Disease Carrier Screening among
Ashkenazim: Some Reasons for Success

Educated, motivated and accepting community for screening.

Pilot study developed data for allele and pseudoallele frequency,
and demonstrated disease prevention.

. Funding from federal and philanthropic sources for pilot studies

were followed by professional recommendations for expanding
screening for additional diseases (Genet.Med.2008;10:54-56).

. Fast throughput, valid, and economical methods developed that
Included both functional (HexA) and specific mutations.

. Caution for expanding to additional ethnic groups: “admixture”,

residual risks and continued need for functional as well as DNA-
based screening tests.




Carrier Testing for Residual Risk
Diseases More Frequent — _
among Ashkenazim ARI?irS:Erl Tested Negative

Tay-Sachs disease (detection rate of 91%) 1in 36 1in 2,800
Canavan disease (detection rate of 99%) 1in 65 1in 1,540
Familial dysautonomia (detection rate of 99%) 1in 42 1in 5,000
Gaucher disease (detection rate of 94%) 1in 19 1in 313
Fanconi anemia group C (detection rate of 1in 108 1in 10,753
999%)
Niemann-Pick disease (detection rate of 98%) 1in 125 1in 6,250
Bloom syndrome (detection rate of 97%) 1in 164 1in 5,556
Mucolipidosis type IV (detection rate of 95%) 1in 182 1in 3,704

Technical standards and guidelines for reproductive screening in the

Ashkenazi Jewish population, Genetics in Medicine, Vol 10:57-72, Jan. 2008




Issues (Ethical, Economic and rechnical)
firom_ Carrier Scheening fior:
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Cystic Fibrosis: Another Success Story
from Pilot Research Studies of DNA-
Based Carrier Detection

1) Began as a funded national consensus study
(ACMG/ACOG/NHGRI, 1999-2001). Patient and
provider education, test validation.

2) Determined allele frequency among different ethnic
groups.

3) Determined acceptance for carrier screening from
pregnant couples and pregnancy planners.

4) Differentiated “mutations” from polymorphisms in
affected children.




CFTR Mutation
Detection Rate

Hispanic
American

African
American

Asian
American

Ashkenazi
Jewish

ACMG/ACOG
25 mutations*

CF39+5*

CF 70+6**

*Genet Med. 2004 Sep-0ct;6(5):387-91
**Genet Med. 2007 Nov. 9:739-744




CFTR Carrier Testing: Residual Risk for Negative Test

Ethnic Group Carrier Risk | Residual Risk | Residual Risk
A priori If 39+5 If 70+6
(ACMG) negative negative

Ashkenazi 1/29 1/470 1/470

Jewish

European 1/29 1/280 1/310

Caucasian

Hispanic 1/46 1/170 1/240

American

African 1/65 1/210 1/290

American

Asian 1/90 1/200 1/200

American




Some Points to Consider
1{0]
Cystic Elresis Carrier liesting

1) Miest: bakiesiwiitihl CkE are bern to parents
WO do not kKnew: they, are cakrlers::
Parenital/proefessienall acceptance ok
geEREtic testing has heen Iewer 1na this greu|p
than| fer prenatal carrier testing;

2) Prenatal DNA testing could detect most:

carrier couples befoere they have thelr first
pPaky Withr CE.

3) HypothesissAn intermationall, controlied
carrier testing pilot study of parents -te-he
would be acceptable and reduce the
freguency. off CE 1IN newhorns.

*Massie J., et al, J. Paed. Child Health, 43:721-723, 2007
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Screening for Carriers of Sickle Cell Disease

Do not repeat mistakes of the past:

Discrimination of the heterozygote; Need for genetic
counseling resources for a common mutant allele
(S/S=1/400 African Americans and S/A=1/10); Racism
Issues regarding reproductive genetic counseling; Should
carrier screening be implemented through newborn
screening ( testing parents of an affected child)?;
Stigmatization of the carrier; Expense of the test
(inexpensive cellulose acetate and isoelectric focusing for
NBS, but DNA-based costs are greater if prenatal
monitoring iIs an option?); Validation of methods used.
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Carrier Screening
for

SMA 5¢@

CURRENT CONCEPT OF SMN/GEMIN COMPLEX
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Otter Setal, J Biol Chem. (2006) Dec 18



X-Linked Recessive SMA
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(B. Best, J. Edwards, L. Baumbach)

“UBE-1” , Am. J. Hum. Genetics Vol 82, Jan. 2008




Microsphere Technology (Luminex)

Immunocassay  Receptor-Ligand

Enzymatic Molecular-Biology

SMA carrier testing is a dosage assay for the SMN number ($5/BS);
Compare with multiplex PCR and SNP platforms for the CFTR and
Jewish disease panels.




Issues (Ethical, Economic and rechnical)
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Spinomuscular Atrophy (SMA)

Need federal support for a pilot research studies to:
Determine community acceptance and allele
frequency; Diagnose newborns for intervention that
might prevent neuronal degeneration; Provide pre-
and post-test Genetic counseling ; Determine
economics of testing methodology (Dosage of SMN by
fragment analysis using Luminex platform only 3
beads @3%5/test)
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Eragile X Syndreme: Diagnostic and Carrier

Testing

Ereguency of phenotype = 1./4,000 males; 1/8,000 females; 1/260
females canry a premutation; panethnic.

Genotype/Phenetype based on numider off —CGG- repeats: in 5" ERAXA
gene; 6-45=*“Normal”; 45-55="Gray Zonge”; 55-200="“Premutation”
(evarianrfaitre, EXTAS 7)) ;i =200=“Eull mutation™ (almest always
assoclated wiith MR 1aimales, 2 in females))

Indications for prenatal Fragile X Tiesting; Family nistory; Mental
retardationy auitism,, develeopmenitall delay’ (erther sex), fetuses of
KiGWI Garrier (premutatlon) methers, ether clinicalisuspicion.>

Poepulatien; Based! Carrier Screening wWwas NOH
recommended because: Limited knowledge aboui
Intermediate expansions; could not predict
phenetype In iemales; beth commuRity, and
physicians lacked knowledge abeut iragile X; Limited
counseling resources; Lack of knowledge aboui
community acceptance; Costs of methods (PCR and
Southern blot).*

*ACMG/ACOG Recommendations Ca.1994-2001




A Strategy for Fragile X Carrier Screening

~—392bp(57CGG)
301bp(26CGG)

Metaphore Gel electrophoresis of FMR1 PCR Fragments

Melis M., Addis m., et al Genetic Testing3:301-305, 1999




Fragile X Newborn Screening ??(Conceptual)

A Unmethylated sequence

No ligation

Allele 1 (methylated) Allele 2 (unmethylated) Mg ¥

m RS - G

---ACTCCACGG---TCCATCGCT--~ ---ACTCCACGG---TCCATCGCT--- 5 S—’
---TGAGGTGCC-~-AGGTAGCGA--- ---TGAGGTGCC---AGGTAGCGA---

B Methylated sequence

Bisulfite treament Ligation
Alkylation e
Spontaneous denaturation 6C——GCGC-—GC

5 €6——CGCG——CG
===-AUTUUAUGG---TUUATCGUT-~-~- --=AUTUUAUGG---TUUATUGUT=--~- 8 0

|

-—-TGAGGTGUU---AGGTAGCGA——- - ——TGAGGTGUU---AGGTAGUGA——-- Lgetn i

Bisulfite treated DNA l

PCR product

&
&

SNRPN U (122 bp) ~__
SNRFN M (109 bp) —

Dahl C and Guldberg P,
o Nucleic Acids
Research, 2007, Vol.
35, No. 21

FMRT U (138 bp)
EME1T M (125 bp) —

Aberrant Methylation of FMR1 Promoter




Direct to
consumer DNA

""Here's my sequence...” The New Yorker




The DNA Age: Direct to Consumer

A 23andivie; ( )
Cost $999: 580,000 SNPs

B) deCode Genetics; (
Cost $985; 1,000,000 SINPs

©) Navigencsi(
Cost $2,500; 1,000,000 SNPS

Caveat, “not designed to diagnose disease or medical conditions”

Hunter D, Khoury M, Drazen J, New Eng J Med, 358:105, 2008




Summary. orPolats tor Conasiaer:

Is parental knowledge of increased risk for having an offspring
wWith'a serious heritable diserder, a necessary/sufficient benefit
For public health carrier SCreening?

IHeterezygote testing produces propabilistic results with residual
FISkSIWHER a Sereeming test Is negative for both the'screenee and
the physician (Wrengiful birth). Do wehiave allele fifeguency data
by ethnicity?

IS the community, educated and aceepting of the benefits and
harms: of carrier testing?

Doiwe have the professionall resources to previde genetic
counseling?

Do we have phenotypic knewledge and interventional FreseuUrces
for the at risk couples?

Is there technical and clinical validation af the test?
Wihat IS the Cost/benehit ratio) aff mass screening?

TThere are needs, for ploet studies te: Validate
methodology (technical and clinical); Determine allele
freguency, genoetype/phenotype outcome, pullic
acceptance, bengefits and harms.
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