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Geneticsin Medicine
Impact
Having\ ndespread
hen David Botstein
of StanfordUniversity was choosinga
careerseveralyears
ago, he ignored pressurefrom his parents to becomea doctor and instead
pursued what was then consideredan
esotericfield - genetics."l never intended to make a contribution to
medicine," he said.
Now well known for his work on
mapping the human genome,Botstein
was one of many speakersat the lnstitute o[ Medicine'sannual symposium
last October that paid tribute to the
successfulmarriagebetweengenetics
and medicine in recentyears.
At the "Genetic Revolutionin Medi
cine" syrnposium,some speakersexplored how the infiltration o[ genetics
into mainstreammedicine will dramatically changeprevention,diagnosis, or treatmentof severaldisorders.
Thesedisordersinclude those to
which peoplesuccumbas adults,such
as cancer,in addition to thosethat
peopleareborn with, such as cystic
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fibrosis.Other speakersaddressed
someof the thorny ethical,social,or
policy issues,includingjob and health
insurancediscrimination tied to geo
netic screeningand the emotionaldistresssuch testingcan causeif it reveals
a personis predisposedto contractan
incurable disorder.
The recentadvancesin genetics,said
New York University Schoolof
Medicine'sRochelleHirschhorn,
"most of us did not envisionas possible for at leastanotherseveraldecades,and so they challengeour
Becausegeneshavesuch a powerful
ability to developsolutionsto the
influencein making people suscepmany societalissuesthey raise."
tible to or actuallycausingvarious
the governmentlaunched
disorders,
Pinning Down Disease Genes
the Human GenomePrqect in 1991.
have pinIn recentyears,researchers
By funding researchers
throughout the
pointed the geneticcausesof more
country the Genome Projectaims to
including
than 20 diseases,
map the location of as many as
Duchenne'smusculardystrophyand
100,000geneswithin human chromoretinoblastoma,an eyecancer.But
somesand to uncover the exactmogenesyet to be discoveredare thought
lecular structureo[ thesegenes.
to be major playersin many more discan then use this informaResearchers
orders.One speakercited a study that
tion to developpreventionstrategies
concludedhalf of all Canadianswill
developa diseasein their lifetime with
a geneticcomponent.
J
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- including prenatal screeningand more effective testsand treatments for those disorders with a
geneticcomponent.
The Genome Projecthas alreadY
completed its initial goal of constructing a rough map that pinpoints the
approximate locations of thousands of
genesat regular although somewhat
wide intervals throughout each chromosome. This map is already useful
for medical sleuths hunting for the
said
geneticcausesofvarious diseases,
FrancisCollins, director of the Human GenomeProject.He noted that
the resolution of the map is rapidly
being sharpenedas researchreveals
more genesand their locations.
Over the next live years,the Genome
Project plans to link the geneson its
rough map to more precisebiochemical markers on the DNA strands that
comprise chromosomes.The exact
molecular structure of those DNA
strands will be worked out by the end
of the decade,Collins predicted.
PreffiIdSoeening
In the meantime,medical practitioners are already making use of the
information gleanedfrom human genetic research.An understanding of
the genetic causesof the severeform
of anemia known as beta thalassemia,
for example, led to near eradication of
the deadly diseaseon the ltalian island

of Sardinia.A prenaul screeningprogram for the disorder begun in 1975
fostereda twenty-fold reduction in the
emergenceof the diseasein newborns
on the island by 1992. The same dramatic drop in the incidence of TaYSachsdisease,a fatal neurological disorder, occurred in the Baltimore area
after the discovery of is genetic cause
and the implementation o[a prenatal
screeningprogram for the Tay-Sachs
gene.

Meilical practitionsts are

already makinguseof the
inf ormntiongleaneilfto
human gqtetic resesrch.
Genetic testing can also reveal a likelihood of developing certain diseases
as an adult. Such testing can uncover,
for example,whether people have the
defectivegene that causesthe degenerative nervous system disorder known as Huntington's chorea- that
plagued folk singer Woody Guthrie.
On the horizon are genetic tests to
indicate whether people have the
faulty genesthat boost their risk of
developing early-onsetbreast cancer,
or some colon or rectal cancers.
"These kinds of discoveriesare shifting medicine from a discipline where
we treat diseasethat is already far ad'
vanced,"said Collins, "to a situation
where we identifu individual risks and

try to alter lifestyle or medical surveillance in order to keep that individual
from becoming ill in the first place."
The deciphering of the genetics of
these disorders should not only foster
genetic screening tests,but eventually
also lead to better treatments. Unfortunately, as Collins pointed out, most
diseaseswill initially be predicuble
but not curable. Noting the distress
that positive tests for deadly or degenerative diseasescan cause,he aptly
quoted Sophocles:"It is but sorrow to
be wise when wisdom profis not."

GeneThuryy
For some disorders such as cystic fibrosis, however, new treatments are
quickly following on the heels of genetic tests.The hallmark of cystic fibrosis is a buildup of mucus in the
lungs causedby a defectivegene that
disrups the flow of molecules across
the membraneso[ cells that line the
body'sairways. This condition losters
chronic lung infections that often
causepatients to die before reaching
their 30th birthday.
The cystic fibrosis g,enewas discovered in 1989. In 1993, researchersbegan experimenully treating cystic
fibrosis patients with a genetically altered cold virus known for ferrying its
genesinto the cells it infects. Researchersslipped the normal cystic
fibrosis gene into the genetic material
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Social Guidelinesfor GeneticTesting
The expanding technology for detecting genetic diseasesand conditions raisesmany ethical, legal, and
social issues.Not enough effective
treatments are availablenor safeguards in place to prevent the misuse
of the information these tess would
reveal. The possibility of developing
a diseaselater in life could affect an
individual's employment opportunities and health insurance.
An Institute of Medicine committee
studied advancesin genetic medicine and their significance to the
individual and to society.It emphasized caution in using genetic testing. Four ethical and legal principles
- autonomy, confidentiality, privacy,and equity - should anchor
efforts to determine the level of control people will have over usesof
genetic testing and information.
of this cold virus, which was inactivated so it could not causedisease.
They then injected the modified virus
into patients'lungs.The goal was to
provide lung cells with a lunctional
cystic fibrosis gene, and thereby prevent the deadly buildup of mucus.
Three patients have been treated
with this experimental therapy.One of
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The committee recommended that
Congressdraft laws to protect people
from discrimination in insurance and
employment, and it urged federal
agenciesto monitor quality control in
laboratories.Although the committee
said it would prefer all screeningbe
voluntary it noted that if a state requires newborn screeningfor a specific condition, the state should do so
only if strong evidenceexists that a
newborn would benefit from effective
treatment.
Genes.often in concertwith environmenal factors, are being linked to
Assessing Genetic Risls: Inrplicarions/or
Health anil Social Policy. Committee on AssessingGenetic Risks,Division of Health SciencesPolicy, lnstitute of Medicine ( 1993, 356
pp.; ISBN 0-309-04798-6;availablefrom Narional Academy Press,tel. l-80O-621-6242;
$3,1.95plus $4.00 shipping for single copies).

the patients developeda lung inflammation. The other two showed no adverse reactions to the therapy
Severalother patients had the virus
with the normal cystic fibrosis gene
sprayed into the nose - an extension
of the lung's airway. Follow-up studies
show that the genewas taken up and
the cystic fibrosis defect corrected, at
least temporarily, in the cells lining
the nasal passages.

the causeof many common adult
diseases,including hypertension,
certain cancers,and heart disease.
The committee'sguidelines on predictive testing stressedthe importance of conducting tests lor those
conditions that are preventable and
treatable. Children should be tested
only for disorders where effective
treatments or preventive measures
can be applied early in life.
The committee also advised fully
informing pregnant women about
the risks and benefis of prenaul
testing proceduresas well as the nature and variability of the fetal disorders they would disclose.And it
urged couples in high-risk populations to consider carrier screening to
detect genesthat might causedisease
in their future offspring.
- Barbara Rice
"We have a combination of safety
data in the lung and efficacy data in
the nose that really are quite promising," saidJamesWilson of the University of PennsylvaniaSchool of
Medicine. Wilson conducted one of
the clinical trials of the pioneering
gene therapy
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Other treatments for genetic disorders aim to replace,alter, or mimic the
protein gene products that are missing
or defective, rather than provide the
genesthemselves. Bert Volgelsteinof
Johns Hopkins University Schoolof
Medicine has identified four genes
that, when faulty,can togethercause
colon or rectal cancer.Testtube studies reveal that restoring the function of
just one of thosegenes,however,is
sufficientto stop cancergrowth. One
feasibletreatmentmight be, consequently, to give cancer patients a drug
that converts the faulty product of that
key geneinto a functioning one,
Volgelstein suggested.
Social Dilentmas
Lurking behind each medical advance
fosteredby genetic findings, however,
often is a social dilemma posed by
how those findings might be put to
use. As Margery Shaw of the University of TexasHealth ScienceCenter in
Houston projected,geneticscreening
for severaldifferent disorders will
somedaybecomeubiquitous, the resuls of which will be keyedinto a
computerized daubase system. "This
will make it difficult if not impossible
to keep our genessecret,"she said.
With such genetic knowledge in
hand, employers and insurance companies can discriminate against
people likely to develop costly debili-

tating or deadly disorders. Such discrimination surfaced when mandatory
screeningfor sickle cell anemiawas
instituted by severalstatesin the
1970s.Somepeoplewere deniedjobs
or had their health insurance rates
raised when testing revealedthey were
carriersof the sickle cell gene,even
though they did not have the anemia.
Incidentslike this prompted an lnstitute of Medicinecommitteeto issue

Somepeople were ilenied

jobs orhadtheirhealth
insuranceratesraised
when testing 16/ealed thEl
were cawiers of the sichle
cell gene.
guidelines for genetic screening (see
box). Among the committee'srecommendationswas more extensiveeducation and counselingof people
receiving genetic testing.
Sucheducationand counselingusually falls on the shoulders of genetic
counselors,who also arrange the necessaryfollow-up services.Theseservices include scheduling abortions for
thosewho decideagainstcarrying to
term a fetus known to have a severe
geneticdefect,or developinga medical and socialsupport network for
those who decide to keep the baby
Despite is growing importance in

the medical arena,geneticcounseling
is not presentlyreimbursedby Blue
Crossand Blue Shield,and 17 states
eachhave three or fewer geneticcounselors."We must leaveour ivory towers," said conferencespeakerBetsy
Gettig,presidentof the National Society of GeneticCounselors,"and take
Igeneticcounselingl servicesto
underserved populations through
public health agencies."
One of the last speakersmade a plea
that the role o[ geneticservicesin
medicine be recognizedand incorporated into any new national health
careplan that is adopted."Theresa
need for policy-makers to think genetic," saidJessicaDavis of Cornell
University Medical College.There
currently is no mention of genetics in
Clinton'shealth careplan, she said,
adding "geneticswould fit in nicely if
it were allowed to join the dance."
Genetics has certainly already entered the dancein medicine,most
speakersconcurred. Summed up
Stuart Orkin of Harvard Medical
School:"The impact on treatmentand
preventionis really here now." Looking ahead,Davisadded "the future
seemsvery bright, very exciting."
- Margie Patlah
Theauthor is a free-lancesciencewriter in the
Philadelphiaarea.
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