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Objecfwm

eUnderstand the complexity of the practice of benetics and the

impactof geneticinformation/testing in our life

*Recognize ethical, leqaland socialissues relevant to genetic

counseling and testing

ehddressethical dilemmas related to testing and advances in

medical genetics
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Cenelic terting (Proy and cons )

e 0ne ofthe cornerstone of 2 e lechnological limitations
comprehensive genetic evaluation
s testing e [dentification of variants of unknown

e Genetictesting results not only clinical significance (VU )
impactourpatients care, butalso

theirimmediate and extended
fam ily e tmotional, social, orfinancial

| | o consequences of the test results
e [stablish orconfirm a clinical ]

diaqnosis
e Determine course of action or * Genetic discrimination foremployment
treatment orinsurance (0INA [aw)

e Determine prognosis



Inormed conyent (1C)

e [he process of qgatheringautonomousauthorization fora medica

intervention ormedical research participation

|l isafundamentalcomponentof medical practice;itisboth an

ethicaland leqalrequirement

e Whatisneeded for (7

* decision-making capacity
e voluntariness
*comprehension and

*adequate information
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Bvolution ok I

...... - e Jou would think this concept should be asold as the
) practice of medicine
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Cenetic (iferacy

? Public Health Genomics. 2017;20(6):343-348. doi: 10.1159/000489117. Epub 2018 May 31.

Assessing Genetic Literacy Awareness and
Knowledge Gaps in the US Population: Results from
the Health Information National Trends Survey

Melinda Krakow ', Chelsea L Ratcliff 2, Bradford W Hesse ', Alexandra J Greenberg-Worisek 3

Affiliations 4 expand
PMID: 29852491 PMCID: PMCE095736 DOI: 10.1138/000482117
Free PMC article

Abstract

Background/aims: Public understanding of the role of genetics in disease risk is key to appropriate
disease prevention and detection. This study assessed the current extent of awareness and use of
genetic testing in the US population. Additionally, the study identified characteristics of subgroups
more likely to be at risk for low genetic literacy.

Methods: The study used data from the Mational Cancer Institute's 2017 Health Information National
Trends Survey, including measures of genetic testing awareness, genetic testing applications and
genetic testing usage. Multivarizble logistic regression models estimated associations between
sociodemographics, genetic testing awareness, and genetic testing use,

Results: Fifty-seven percent of respondents were aware of genetic tests, Testing awareness differed by
age, household income, and race/ethnicity. Most participants had heard of using tests to determine
personal disease risk (82.58%) or inherited disease risk in children (81.41%), but less were familiar with
determining treatment (38.29%) or drug efficacy (40.76%). Among those with genetic testing
awareness, actual testing uptake was low.

Conclusions: A large portion of the general public lacks genetic testing awareness and may benefit
from educational campaigns. &s precision medicine expands, increasing public awareness about
genetic testing applications for disease prevention and treatment will be important to support
population health.

Keywords: Awareness; Genetic education; Genetic literacy; Genetic testing; Health communication;
Health information; Knowledge; Knowledge gap; Population survey.

This is a work of the US Government and is not subject to copyright protection in the United States. Foreign

copyrights may apply. Published by S. Karger AG, Basel.

> J Community Genet. 2019 Jan;10(1):73-84. doi: 10.1007/512687-018-0363-7. Epub 2018 Mar 28.

New literacy challenge for the twenty-first century:
genetic knowledge is poor even among well educated

Robert Chapman T Maxim Likhanov 2, Fatos Selita 2 3, llya Zakharov 4 Emily Smith-Woolley 2]
Yulia Kovas 8 7

Affiliations + expand

PMID: 29589204 PMCID: PMCB325037 DOI 10.1007/512687-018-0363-7
Free PMC article

Abstract

We live in an age of rapidly advancing genetic research. This research is generating new knowledge
that has implications for personal health and well-being. The present study assessed the level of
genetic knowledge and personal engagement with genetics in a large sample (N = 5404) of
participants. Participants received secondary education in 78 countries, with the largest samples from
Russia, the UK and the USA. The results showed significant group differences in genetic knowledge
between different countries, professions, education levels and religious affiliations. Overall, genetic
knowledge was poor. The questions were designed to assess basic genetic literacy. However, only
1.2% of participants answered all 18 questions correctly, and the average score was 65.5%. Genetic
knowledge was related to peoples’ attitudes towards genetics. For example, those with greater
genetic knowledge were on average more willing to use genetic knowledge for their personal health
management. Based on the results, the paper proposes a number of immediate steps that societies
can implement to empower the public to benefit from ever-advancing genetic knowledge.

Keywords: Demographic differences; Genetic knowledge; Genetic literacy; Genetic testing; Health.
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Cenvelic diyerimination

e Discrimination based solely on the nature of an individual’s

genotype

e Historical discriminatory practices occurred commonly in the U3
based on misuse of geneticinformation (61)
e 190/ Indiana sterilization law

e By 1981, many States adopted sterilization laws to correct’ EURESCY Laenetic

traits or tendencies (fortunately nowrepealed)

e Inthe 19705 61 was misused to target populations with increfay
genetic disorders (Black community (5)))

eGenetic Information Non-Discrimination act of 2008
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Food lfor ﬂ\oul(,m

e Whatabout Newborn screening programs (NBYS)?

* Because NBY can be the only way to tell if a newborn has certain conditions,
itis mandated (required) by state lawin the United States (U5) (Newborn
Screening vaves Lives Act of 200/, 6 WB)

 In louisiana Newborn Screening panelisrequired by law
* Wyomingisthe only US state thatrequires parentalconsent for NB3J

e Most states allowoptingout due to a religious objection, butthey must sign

a written refusal statement

e Most birthing hospitals do notinform mothersof NBS and often itisa shock
when a PPNBS is reported.



Cenelic terting challenges...

tmotional Impact:
e Anxiety and Uncertainty Receiving genetic test results can

be emotionally overwhelming People may feelanxious,
depressed, or quilty, especially if the results reveala risk for
a serious condition.

Unexpected Information:Sometimes, genetic testing
uncovers unexpected information about health risks, family
relationships, orancestry Dealing with this newfound
knowledge can be stressfull.

Socialand Family Dynamics:

Family Tensions:Genetic testing results don't just affect the
individual being tested;they can also reveal information
about other family members Thiscan create tension within
families.

Disclosure Challenges:Deciding whether to share genetic
information with family memberscan be complex Balancing
privacy and the need forinformed decisions is crucial

Financial Considerations:

tthical Dilemmas:

Privacy:Balancing the need for privacy with
the importance of sharing genetic
information formedical purposes is an
ongoing challenge.

Informed Consent:fnsuring that individuals
fully understand the implications of genetic
testing and provide informed consent is
critical.

Clinical Llimitations:

limited Treatment Options:tven when 3
genetic disorder is diagnosed, treatment
options may be scarce or nonexistent This
can be frustrating for patients and healthcare
providers.

Predictive Value:Genetic tests can't always
predict the severity of symptoms or disease
proqgression lhey provide nrobabilities rather



Letd talk budiness...

e [ase #]

e 1T moold male seen with father foran evaluation
due to CAls, at the time of initialevaluation, he

did not meet clinicalcriteria (only had >6CALthat

measured more than Smm

* We continued to monitor him clinically

e At the age of T6months still did not meet criteria,
we discussed moleculartesting, a sample was sent
thatidentified a VUS in NET, to help resolve this

VUD we requested parental testing, motherand




Care 11

ORDER SUBMITTED SPECIMEN RECEIVED LAB PROCESSING AMALYSIS AND INTERPRETATION REPORT RELEAS

REPORTS AND DOCUMENTS

PATIENT - |# Clinicol repor (01/24/2023)
CLUNICAL TEAM Children's Hospital of New Orleans - @ Upload document
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https://www.awesomelyluvvie.com/2015/06/the-maury-povich-show.html
https://creativecommons.org/licenses/by-nc-nd/3.0/

Care #2

e (alled to do aconsultation at WM C fora T dayold child with prenatal
diaqnosis of Trisomy 13

e Bornat JWo A toaGPTAT motheraftera pregnancy complicated by

abnormalprenatal ultrasound that showed:

e Jvesselcord
 Intracardiac echogenic foci

e Microcephaly
« 50 A

e Motherunderwent NIPY, a sample was sent to Sequenom for Maternil?]
Plus test

e Abnormalresult, positive for trisomy 13 no Ymaterial (female fetus)

| C 1 1 | 1 1 C T N N



Care #2

o Mother was counseled by her MM and they discussed the severity and short life span in children with trisomy 13, she

was offered delivery at 36 weeks gestation

o Mother indicated to her 0B/GYN she wished for comfort care for her child..



Care #2

e Uponarrivalto the unit, [found confused nurses,

confused mother ..

« Positive findings on PEincluded:
o Microcephaly
* Slopping forehead and mild bi-temporal narrowing
o lowset, dysplastic ears

o Mild DS PF

e [V, murmurand echocardiographic evidence of ASD,

POA, VSD and PFO

e Skin examination with areas of streaky

hyperpigmentation

* [suspected mosaic trisomy 1Jand sent extended

post-natal karyotype that showed:

A=NII\IANTAT /1 A /7



Ehical conpiderations

e bull Trisomy T3isa devastating diagnosis, with short life span, in this

case PNS and PNT supported this diagnosis

*Uponarrivalto thisworld, she was expected to be severely ill, hence
the confusion in the unit,and upon examination it was determined

she did not have full trisomy 13, but she was a mosaic

e Children with mosaicism could have a less severe presentation,

survival rates could be higher

*Appropriate counseling considering this possibility (mosaicism)

could have helped in this case
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e According the oficial fast US Census (2010
4,533,311 people lived in Louisiana at that time

o |n 2024 there are 6 practicing clinical Geneficits
in the state

o Ihere is approximately 1.3/ qeneticists per
1000000 in the state




Genvelic teating op minory Lor adufl
ondet di/)ordm l{ lfo

e A consensus exists between professional medicalsocieties including the
ASHO , ACM G, ACOG, AMA, NSOGC reqarding 6T of minorsforadultonset

conditions:

* . encourages deferring predlitive genelic festing of minors for adult-onset conditions when results wil not impact chithhood medical
management or significantly benefit the chitd Predictive festing should oplimaly be deferred until the indvidual has the capacity to weigh the
associated risks, benefits, and limitations of this informatior, taking his/her circumstances, preferences, and beliefs into account o presserve his/her
autonomy and right to an gpen future

*Reasonssupporting thisstatementinclude:
e Possibility of discrimination
e dtigma (alteration of selfimage and the expectations of those close to them)
e Compromise their rights of autonomy and privacy

e No ability to controlwho has access to that information



Care 13

*byo and Jyo females with an extensive family history of lynch syndrome
(MIAT
e father positive qenetic testing at age 21, diagnosed with stage JCRC at age 35, MAT
paternaluncle (age 3, had positive genetic testing but hasnotbeen diagnosed with

cancer),
paternal grandfather (diagnosed with CRC age 3),
paternalpaternal qreat-grandmother (diagnosed with CRC age 45, perreport may

have had diagnosisof breast cancerpriorto CRC diagnosis),

paternalpaternal great uncle (diagnosed at age S0)and qreat aunt (diagnosed with

breast and colorectal cancer), and

paternalpaternal maternal great-qreat grandmother (diagnosed with CRC at age 50)

T . L | | . N T (I | . 1. | |



Ehical conpiderations

 Extensive genetic counseling (COC) wasnotenough to deter parents

from 0]

e [heyaqreed on not disclosing the information to their children up
until they felt they would have the maturity to deal with the
implications of a positive test

e But thisresultisnowpartofhermedicalrecord,thiscould be shared
by a healthcare professionalnot aware of theirplan for later
disclosure, risking psychological damage

*In myopinion testing should have notbeen done,asitdoesnot

rl'\qnno {'l’\oir immor‘liai‘o raron



What about incidental /3econdary

|

e Whole exome sequencing has become a first-line approach for

children with suspected genetic disease and/ordevelopmentaldelay

oIn 013the ACM G published their first quidelines on reporting

secondary findings (s6genes, Cancer predisposition, C1D, malignant
hyperthermia, cardiac disease):No option ofopting out

e In W015the college revised its quidelines to permit patientsto optout

atter counseling

 Still, thisis a contradiction to the recommendation on deferring

testing in minors.. .



Care 114

*6yo male referred for an
evaluation due to a history
ot developmentaldelays
(mostly speech),
macrocephaly, CALs,
meqaureter, ADD, he
initially did not meet clinical
criteria as onw WSMn Wa $
identified, and because of

the other features (not

Result: Positive

v Causstiva variani(s) in disease genes associstad with reportad phenotypa: POSITIVE

v Variantis) in disssse genes possiby sssociated with reported phanotyps: Mone Identified

¥ ACMG Secondary Findings: POSITIVE —

= mtOMA Tost Results: Mitachandrial DHA sequencing and deletion resulls are reparted separately,

Causative Variant(s) in Disease Genes Assoclated with Reported Phenotype:

Gene Dlaease Inrl::::; ELE Varlant Tygosity I"::;::fﬂ Clazsilieation
[ Lol :qll-::lu:h:;::dtusm E:j::l:::::l Lﬁ':iaj:,fll?"' Heferazygous Unkrowan Fathagenic Wanant
ACMG Secondary Findings:
Gene Disease Inr::::j; ‘ariant Zygosity In:z:-t:d Classification
MUTYH MUTYH-relsted polyposis 2‘:;;’?3‘ ;13:':'3:_1; ﬁ' Hemozygous ”:hf:fll: Pathcgenic Wariant




DWY Geneticr (Dirvect to conpumer GT)

e heneticteststhat are marketed dwecly 0 consumers
tadvertisements, o

via television, print

the Internet

e [hese tests provide accessto a persons genetic

information without necessarily involvinga doctoror

insurance company in the process

*Consumersare notified of theirresults by mailorover

the telephone, orthe results are posted online or

sccessed vis an apD

e The qlobal direct-
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DWY Genetich

e Ancestry

Key Direct-to-Consumer Genetic Testing Companies:

QVC

23andMe

e Carrier testing

Family Tree DNA

Ancestry e Predictive

Genesis HealthCare te S t | n q

EasyDNA, . \
Veritas eData mining

Myriad Genetics Inc.

ePharmacogeno

Full Genomes Corporation, Inc

- mics
Living DNA Ltd.

Color Health, Inc. 'NutrigenOm 1CS

A | . NN
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New Matchmaking System uses DNA
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Conn of DIC 6T

e Quality of the tests offered (some labs
are not CLUA approved)

e Accuracy of the information provided

the consumer

e Risk of misleading claims putting the
consumeratrisk of making harm ful
healthcare decisions on the basisof

tests results

e PLP int hespo light havmq
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Forendic Genetic Geneology
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Ehical conpiderations

o |

rivacy issues: should a criminal be afforded privacy

e Protection o the populations from violent offenders

e |dentification of remains

e Resolution of cold cases



1. A guide RNA and a CASS are joined.
The RNA-CASS complex RNA
recognises the DNA fragments = 2. The guid\,
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*Genome editing (also called qene editing)

4a. Now the DNA can be modified. For example, ) ) )
s L L L J [ m‘m)m isagroup of technologies that qive
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5. APPLICATIONS
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We can avoid old mistakes It's possible to modify the embryos of S I n g e e n Z y m e a S W |C Wa S
and make mone accurate mice and monkeys to prevent diseases

adjustments. For exampila,

mant I in adult subjects
immunisation of bacteria

et oog oo gf adapted from a naturally occurring
against viruses

i i 0 S genome editing system that bacteria use
Today, it's possible to 2 CRISPR therapy would allr w
genetically modify a full y tog silencing of defective gen s

Mosauito population o prevent RN i et o as animmune defense

et obined. bt
diseases such as malaria and the preparation of
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Monogenic disorders are
current targets for gene
therapy

More than J00 clinical
trials are underway using
gene therapy to target
monogenic disease

A recent article in the
media highlighted success
with gene therapy in an
11-year old boy

€he New Nork Eimes

=

Gene Therapy Allows an 11-Year-Old

Boy to Hear for the First Time
The genetic treatment targeted a particular kind of




Ehical conpiderations

*bene editing techniques have the potential of altera human

genome

e Mostofthe changes introduced with genome editing are limited to

somatic cells

ebermline celland embryo genome editing bringup anumberof
ethical challenges, including whether it would be permissible to use
this technology to enhance normalhuman traits (such as height or
intelligence).

*Based onconcernsaboutethicsand safety, germline cell and

oml'\r\/n nNo NN m n or‘li{'inn aron rnrronH\/ i'lona' N Hno Hni{'orl Q{':\+oc anr‘l



He Jiankui Controversy

* |n December 2018, Chinese researcher He Jiankui shocked
the world by announcing the birth of twin girls whose
embryos he had genetically edited to be resistant to HlV

* While He Jiankui egregiously violated university requlations
and ethical standards, his actions ignited a global dialogue
about the permissibility of human embryonic gene editing

e Apprehended and sentence o J years in jai

o s of July 24, 2024 He has relocated to Wuhan as the
irector of The Ingtitute of benetic Medicine at Wuchang
University of lechnology to work on gene editing to treat
UMD, then qot fired and now is at a private independent
[ab in Hainan (medical tourism city in Ching)
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