CASE A: Hospital Tests Babies

Al and Victoria are in their early 30s and had
been married five years when their first child was
born. Victoria’s pregnancy was perfectly normal,
and she had continued working until one week
before the baby’s birth. She said she had never
felt better. At birth, Al and Victoria’s son appeared
perfectly normal.

A few days after they took the baby home, the
doctor called to say that the baby needed more
tests. He asked that both parents come to the
office visit because he wanted to talk to them.
In his office the doctor said that a blood test
done at the hospital showed that the child had a
genetic disorder called phenylketonuria (PKU). If
their child was not treated using a special diet, he
would become mentally retarded. Al and Victo-
ria had never heard of PKU, and this news upset
them. They immediately called around to family
members and found that only a few relatives on

and none knew
of any family
member with
this disorder.

Al and Victoria
wondered how a
genetic disease
that no one in

A heel stick is the most common
their family had  method of obtaining a blood
ever had could sample for testing in newborns.
suddenly appear

in their child. They made an appointment for
another visit with the doctor and, in the mean-
time, began reading about PKU.

Some questions come to mind when reading
this case. Before we can address these ques-
tions, let’s look at what genetic testing is, how
it is used to diagnose genetic diseases, and the
future prospects for this technology.
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either side of the family had ever heard of PKU,

Genetic Testing Usually Involves Taking
e a Blood Sample

This chapter will discuss several methods used to determine whether someone has
or is at risk for a genetic disease. Before exploring the rationale, methods, and issues
involved, let’s define the differences between the two major types: genetic testing and
genetic screening. Genetic testing determines whether someone has a certain geno-
type—in other words, what is his or her genetic makeup? Genetic testing identifies
individuals in the following groups:

1. those who may have or may carry a genetic disease

2. those who are at risk of having a child with a genetic disorder

3. those who may have a genetic susceptibility to drugs and environmental agents

Genetic screening is done on large populations rather than on individuals. The
goals of genetic screening are more limited; it identifies people in the following groups:
1. those who may have or may carry a genetic disease

2. those who are at risk of having a child with a genetic disorder

Genetic testing is most often a matter of individual choice, whereas genetic screen-
ing is often mandated by law. Genetic testing can have a serious impact on the lives of genetic testing testing for genetic
individuals and their families, as in the following situations: R Retione

1. Identification of a person who has or is at risk for a genetic disorder often leads to genetic screening large-scale
the discovery of other affected or at-risk family members. genetic testing
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2. Testing for some disorders can identify a person who is
healthy now but will develop serious or fatal genetic disor-
ders in later life. When the condition is fatal—for example,
Huntington disease, as in Alan’s family (see Chapter 4)—
this information often has serious personal, family, and
social consequences.

3. The results of genetic testing may have a direct impact on
siblings and the children or grandchildren of the person
being tested.

Genetic counselors work with people who are about to
have or have had genetic testing to explain the tests and the
results and to help them make decisions based on the results.

Whattypes of genetictestingareavailable?
Several forms of genetic testing are currently being used:

1. Prenatal diagnosis—to determine the genotype of a fetus,
such as testing for sickle-cell anemia.

2. Carrier testing—to test members of a family with a his-
tory of a genetic disorder such as cystic fibrosis to identify

heterozygotes and to determine their chances of having an
affected child.

prenatal diagnosis diagnosis of conditions in a developing
fetus

carrier testing a genetic test for carrier status of a recessive
disorder

presymptomatic testing genetic testing before symptoms
manifest themselves

ultrasonography, or ultrasound a prenatal test that uses
sound waves to visualize an unborn fetus

amniocentesis a prenatal test that involves removal of
amniotic fluid

chorionic villus sampling (CVS) a prenatal test that removes
a small sample of villi
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Figure 8.1
Three-dimensional
ultrasounds show
details of the fetus's
facial features.

3. Presymptomatic testing—to identify individuals who will
develop disorders in midlife, such as Huntington disease
or adult polycystic kidney disease.

8.1 Essentials

® Genetic testing determines what genotype a person
has.

® Genetic testing can be done on fetuses, newborns,
children, and adults.

Prenatal genetic testing is used to detect genetic disorders and
birth defects in a developing fetus. More than 200 single-gene
disorders can be diagnosed by prenatal testing. Some of these
are listed in Table 8.1.

In most cases, testing is done only when there is a fam-
ily history or some other risk factor is identified (such as the
age of the mother). Remember from Chapter 4 that families

Table 8.1 Some Genetic Disorders That Can Be Diagnosed by Genetic Testing

Disorder Incidence
Cystic fibrosis

Congenital adrenal hyperplasia 1in 10,000
Duchenne muscular dystrophy

Hemophilia A

Alpha and beta thalassemia Varies
Huntington disease 1in 10,000
Polycystic kidney disease 11in 1000

Sickle-cell anemia

Tay-Sachs disease
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1 in 2000 Caucasians

1 in 3500 male births
1 in 8500 male births

1 in 400 African Americans

11in 3600 Ashkenazi Jews and French Canadians;
11in 360,000 in the general population

_ Inheritance Pattern

i Autosomal recessive
Autosomal recessive
X-linked recessive
X-linked recessive
Autosomal recessive
Autosomal dominant

Autosomal dominant

i Autosomal recessive

i Autosomal recessive



who carry conditions inherited as autosomal recessive disor-
ders such as sickle-cell anemia may not know that the mutant
allele runs in their family until a child is born with the condi-
tion. The parents may be tested to determine whether they are
heterozygous carriers of the disease before they conceive. If
tests reveal that both parents are carriers, the fetus has a 25%
chance of being affected with the condition.

In Chapter 3 we discussed a technique known as ultra-
sound (see Figure 8.1), a method that can provide some
information about the health of the fetus. But for conditions
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caused by chromosomal aberrations, such as Down syndrome
(trisomy 21), chromosome analysis is the most direct way to
identify an affected fetus. Because the risk of Down syndrome
increases dramatically with the age of the mother (see Chap-
ter 3), chromosomal analysis of fetal cells is recommended
for all pregnancies in which the mother is age 35 or older.
Prenatal testing for any genetic disease requires a sample of
cells from the fetus, which can be obtained by using amnio-
centesis or chorionic villus sampling (CVS), as discussed in
Chapter 3.

Figure 8.2 Ultrasonography (a) Ultrasonography
(ultrasound) is a noninvasive testing procedure based on

sonar technology originally developed for the military to find
submarines underwater. A transducer is placed on the abdomen
over the uterus. The transducer emits pulses of high-frequency
sound; the reflected sound waves are converted into images and
displayed on a screen. Many women routinely have ultrasounds
during pregnancy to monitor the development of the fetus,
determine its sex, and check for problems. (b) Ultrasound can
also be used to diagnose some genetic disorders, including Down
syndrome. In the ultrasound below, extra skin at the fold of the
neck is outlined in red. This condition is associated with a Down
syndrome fetus.
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How is ultrasound done? The procedure for ultra-
sound is shown in Figure 8.2a, page 167. Ultrasound is one of
the prenatal tests used to diagnose genetic disorders. It can be
used to identify trisomy 13, trisomy 18, and, to a lesser extent,
trisomy 21 (Down syndrome) because each of these disorders
has unique physical traits that can be seen via ultrasound. For
example, in Down syndrome, affected children often have
a thick fold of skin in the neck region. This can be seen in
ultrasound, and amniocentesis can confirm the diagnosis. An
ultrasound image of a fetus with a neck fold (outlined in red)
is shown in Figure 8.2b.

How is amniocentesis done? The procedure for
amniocentesis is shown in Figure 8.3 and was briefly described
in Chapter 3. More than 100 disorders can now be diagnosed
by amniocentesis. The cells retrieved by this method can
be analyzed to detect biochemical disorders, chromosomal
abnormalities, and the sex of the fetus.

When is amniocentesis used? Amniocentesis
carries a small risk of maternal infection and a slight increase

chorionic villi finger-like projections of the fetal chorion that
work their way into the wall of the uterus

Figure 8.3 Amniocentesis As discussed in Chapter 3,
amniocentesis is one way fetal cells can be collected for pre-
natal testing. First, the fetus and the placenta are located by
ultrasound and a needle is inserted through the abdominal wall,
avoiding the fetus and the placenta. Approximately 10-30 ml of
amniotic fluid is removed. Amniotic fluid is mostly fetal urine
containing cells shed from the fetus’s skin. The cells are isolated
from the fluid by centrifugation, grown in the laboratory, and
used to construct a karyotype (see Chapter 3). Amniocentesis is
usually not performed until the 16th week of pregnancy.

in the probability of a spontaneous abortion. To offset these
risks, amniocentesis is normally used only under certain
conditions:

1. When the mother is age 35 or older. Because the risk of
having a child with chromosomal abnormalities increases
dramatically after age 35, amniocentesis is recommended
for pregnant women who are age 35 or older. Most amnio-
centesis procedures are performed because of advanced
maternal age.

2. When the family has a previous child with a chromosomal
abnormality. The recurrence risk in such cases is 1 to 2%.

3. When a parent has a chromosomal abnormality. This can
cause an abnormal karyotype in the child, and amniocen-
tesis should be considered.

4. When the mother is a carrier of an X-linked disorder.

How is chorionic villus sampling (CVS)
done? Chorionic villus sampling (CVS) is another method
of prenatal diagnosis. After implanation and formation of the
chorion by the fetus, cords of cells from the chorion grow into
the uterine wall, forming finger-like structures called chorionic
villi. Eventually, the fetal chorionic villi and maternal tissue
combine to form the placenta (Figure 8.4). Cells from the villi
are removed by suction during CVS (Figure 8.5). Enough mate-
rial is usually obtained to allow karyotype preparation, bio-
chemical testing, or extraction of DNA for molecular analysis.

Because tissue is taken directly from the fetus itself, CVS
has several advantages over amniocentesis:

1. CVS is performed earlier in the pregnancy (8 to 10 weeks)
than amniocentesis (16 weeks). This allows the patient to
find out test results earlier.

2. Because placental cells are already dividing, karyotypes
are available within a few hours or a few days. With

Figure 8.4 An Early Embryo Surrounded by Its
Tissues The chorionic villi are embryonic tissues that can be
sampled for genetic testing.

Placenta Chorionic Yolk Placental Placental Placenta
fetal membranes villi  sac  cord vessels (developing)

Amniotic fluid being
removed from uterus

Ultrasound guiding
the needle through
the uterine wall
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Figure 8.5 Chorionic Villus Sampling As discussed
in Chapter 3, during this procedure, a flexible catheter is inserted
through the vagina or abdomen into the uterus, guided by
ultrasound images. A sample of the chorionic villi (fetal tissue
that forms part of the placenta) is removed by suction. The

cells of the villi are used for karyotype preparation, biochemical
testing, or DNA extraction for genotype analysis.
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amniocentesis, fetal cells must be stimulated to divide and
grown in the laboratory for several days before a karyotype
can be prepared.

When is CVS used? In the past, CVS was used less
frequently than amniocentesis because of its increased risk
of spontaneous abortion. However, if the procedure is per-
formed at a major medical center, the risks are similar to those
associated with amniocentesis. CVS offers early diagnosis of
genetic diseases, and if termination of pregnancy is elected,
maternal risks are lower at an earlier stage of pregnancy. The
conditions under which CVS is used are similar to those for

Table 8.2 Comparison of Prenatal Diagnosis Tests

amniocentesis (Table 8.2), but because it can be used earlier in
pregnancy, some couples choose CVS if they know they are at
risk of having a child with a genetic condition.

Are there less invasive methods for pre-
natal gen etic testin g" Realizing that amniocentesis
and CVS carry a 0.2 to 0.3% risk of miscarriage, researchers
are working to develop new, less-invasive ways of prenatal
testing. As discussed in Chapter 3, one of these less-invasive
methods involves recovering fetal cells or fetal DNA from
the mother’s blood, which minimizes risk to both the mother
and the fetus because all that is necessary is a sample of blood
from the pregnant woman.

Several types of fetal cells enter the maternal circulation,
including:

1. placental cells
2. white blood cells
3. immature red blood cells with nuclei

These cells probably begin to enter the mother’s blood-
stream in detectable amounts between the 6th and 12th weeks
of pregnancy.

A problem with using fetal cells from the mother’s circu-
lation is that only 1 in every 100,000 cells in the mother’s blood
is a fetal cell. Collecting enough fetal cells from a blood sam-
ple is one of the challenges facing those working to develop
this technique. Fetal cells collected this way have been used
to diagnose some genetic disorders, including sickle-cell ane-
mia, and chromosomal abnormalities, but the method needs
further development before being widely adopted.

The amniotic fluid surrounding the fetus also contains
fetal DNA (called free fetal DNA or ffDNA) produced when
fetal cells break down. The DNA is released as chromosomes
become fragmented. The ffDNA can cross the placenta and
enter the mother’s bloodstream. Recent breakthroughs in the
use of ffDNA to detect genetic disorders in the fetus are dis-
cussed in Chapter 17.

Ultrasound
When do we test? Week 18
When do you get the Immediately

results?

What does it test for?

With whom do physicians
use this procedure?

Chance of miscarriage?

Structural problems such as
limb growth, size of head,
and heart abnormalities

Most pregnant women

None

Amniocentesis CVS
Week 16 Week 11
Week 18 Week 12

Chromosomal abnormalities,
biochemical disorders, fetal
genotype

Women age 35 and older

0.2-0.3%
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Chromosomal abnormalities,
biochemical disorders, fetal
genotype

Women at high risk for
having a child with a
genetic disorder

0.2-0.3%

169



Dr. Yorgos Nikas/Photo Researchers

Figure 8.6 An Early Embryo Composed
of Several Blastomeres

Blastomere

Can embryos be tested before they are
implanted in the mother? In Chapter 1, we dis-
cussed the use of preimplantation genetic diagnosis (PGD)
for sex selection. This test can also be used to diagnose
genetic disorders in the earliest stages of embryonic develop-
ment. Here we will focus on the use of PGD to detect genetic
disorders.

In vitro fertilization (IVF) always precedes analysis by
PGD. For IVE, eggs are collected, fertilized, and allowed to
develop in a culture dish for several days. On about the third
day after fertilization, the embryo consists of six to eight cells.
Each of these cells is called a blastomere (Figure 8.6).

For PGD, one of the blastomeres is removed (Figure 8.7).
DNA is extracted from this cell and analyzed to determine
whether the embryo has a genetic disorder. Blastomere test-
ing can be used for many common autosomal recessive dis-
orders, such as Tay-Sachs disease, dominant disorders, and
most X-linked disorders, including muscular dystrophy and
hemophilia. Embryos that do not have a genetic disorder are
implanted in the mother’s uterus for development.

8.2 Essentials

* Prenatal testing is usually done to detect genetic

disorders in the fetus when there is a risk of such
conditions.

Preimplantation genetic diagnosis can detect genetic
abnormalities before the embryo is implanted into
the mother.

blastomere one of the early embryonic cells

Tay-Sachs disease a recessive genetic trait that is almost
always fatal
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Figure 8.7 A Blastomere Is Removed from
an Embryo for Genetic Testing

The fluids and cells obtained by amniocentesis, CVS, and
PGD can be analyzed (Figure 8.8) using several different
methods, including karyotyping (see Chapter 3), biochemical
analysis, and recombinant DNA techniques (see Chapter 7).

Direct DNA analysis is the most specific and sensitive
method currently available. The accuracy, sensitivity, and
ease with which recombinant DNA technology can be used
to identify a genetic disease and susceptibilities carried by an
individual have raised a number of legal and ethical issues
that have yet to be resolved; these will be discussed later in
this chapter.

8.3 Essentials

* Prenatal testing can determine the genotype of a
fetus by examining cells retrieved using several
different procedures.

Figure 8.8 A Technician Prepares a Karyotype
in a Cytogenetics Laboratory

Chromosome spread

Denny Sakkas PhD., Yale Fertility Center
of the Yale University School of Medicine



Like all babies born in the United States, Al and Victoria’s baby was tested for phenylke-
tonuria at birth. However, if there is a family history of PKU, the test is often done pre-
natally. PKU is a metabolic disorder found in people across all ethnic and racial groups.
It is inherited as an autosomal recessive trait; therefore, both parents must be heterozy-
gous carriers for their child to inherit the disorder. The gene that causes PKU is called
PAH and is located on chromosome 12 (Figure 8.9). People with this condition cannot
convert an important amino acid, phenylalanine, into another amino acid, tyrosine.

The enzyme that converts phenylalanine into tyrosine is called phenylalanine
hydroxylase (PAH). In PKU, a mutation in the PAH gene inactivates the enzyme.
Therefore, phenylalanine cannot be broken down and builds up in the body’s tissues,
causing damage to the brain and other organs.

PKU is a genetic disorder, but it is also an environmental disease. If phenylalanine
is removed from the diet, the child will develop normally, and there is no mental retar-
dation. This is a successful treatment for the condition. Because the brain is fully mature
by the early teen years, many people with PKU switch to a normal diet at this time.

However, if a woman with PKU gets pregnant, she must follow the PKU diet very
carefully; otherwise, the child may be seriously affected because the excess amount of
phenylalanine in the mother’s blood would pass into the fetus, causing serious mental
retardation, even if the fetus has a normal or a heterozygous genotype.

Can we test everyone for conditions such as PKU? Genetic
testing on a large scale (genetic screening) is not always possible. For some disorders,
such as the sickle-cell anemia that Martha Johnson’s twins had (see Chapter 5), a single
mutation is always responsible, so testing is efficient and uncovers all cases. However,
several hundred different mutations have been identified in the PAH gene, and testing
for all of these mutations is impractical. However, most states screen newborns for
PKU using a simple blood test that measures phenylalanine levels.This test is simple
and not based on DNA analysis; therefore, it is not testing for mutations in the PAH
gene. Figure 8.10 shows a photo of a Guthrie card containing blood samples taken from
a child soon after birth. The blood is transferred to the card and analyzed for PKU
levels. The card is kept as part of the child’s medical record.

8.4 Essentials
e PKU is one of the few genetic conditions that has a treatment.

Figure 8.10 Guthrie Card
Blood samples from newborns are
placed on a card before being tested
for PKU.

.____ This is how blood

*  from heel sticks is
. " stored on cards for
e ¥O analysis. The cards

3 are kept as part of

the infant’s medical

e — record.

SSPL/Image Works

Figure 8.9 Chromosome 12,
Showing the Location of
the PAH Gene at 12q24.1

A mutant allele of this gene is
responsible for phenylketonuria.

PAH gene;
mutations in this
gene cause PKU

Chromosome 12

PAH a gene associated with PKU

phenylalanine an essential amino
acid
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Some conditions—such as Huntington disease, which runs
in Alan’s family (see Chapter 4)—show up much later in life
but can be detected by testing long before symptoms appear;
these are called presymptomatic tests. A genetic predisposi-
tion to breast cancer (discussed in Chapter 12) also falls into
this category. This test can detect a predisposition to breast
cancer before the disease develops. Adult-onset disorders,
including Huntington disease, amyotrophic lateral sclerosis
(ALS), adult polycystic kidney disease (ADPKD), and oth-
ers, all begin later in life. As an example, the symptoms of
ADPKD, which affects about 1 in 1000 individuals, usually
appear between ages 35 and 50. This disease is characterized
by the formation of cysts in one or both kidneys; these cysts
grow and gradually destroy the kidney. Figure 8.11 shows a
normal kidney (left) and one with ADPKD (right).

Treatment options for ADPKD include kidney dialysis or
transplantation of a normal kidney, but many affected indi-
viduals die prematurely before a transplant becomes available.
Because ADPKD is a dominant trait, anyone who is heterozy-
gous for the mutant gene will be affected. Genetic testing can
determine which family members carry a mutant allele and
will develop this disorder. Testing for these and other disor-
ders that appear in adults can be done at any age before (or
after) the condition appears. The decision on whether to be
tested for these traits is a personal choice.

8.5 Essentials

e Adults can be tested for many genetic conditions. A
person may want to find out if he or she is a carrier
of a condition before marriage.

Figure 8.11 (left) A normal kidney. (right) An enlarged kidney
from someone with polycystic kidney disease.

A kidney of someone
with polycystic
kidney disease

Normal kidney
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Some genetic screening programs, such as those for new-
borns, are mandated by law in the United States. All states
and the District of Columbia require newborns to be tested
for a range of genetic disorders, although the number and
types of disorders screened for vary significantly from state to
state. These programs began in the 1960s with screening for
PKU and gradually expanded to all states and a wide range of
genetic disorders. Al and Victoria’s baby was tested under the
screening program in their state.

Many states screen for only three to eight disorders
(Figure 8.12). However, using new technology, labs can now
screen for 30 to 50 metabolic disorders from a single blood
sample. The number of tests currently mandated in each state
is shown in the map. Parents should be aware of which disor-
ders are included in their state’s screening program.

Are there screening programs to detect
adult carriers of genetic disorders? As dis-
cussed in Chapter 4, a person can carry a gene for a recessive
genetic condition but remain disease free. These individuals
are heterozygous for the disorder and are called carriers. Car-
riers of certain recessive disorders, such as PKU and sickle-
cell anemia, are found in higher frequencies in certain ethnic
groups.

Population screening for carriers of genetic disorders
is possible only under certain circumstances, including the
following:

1. The disease must occur mainly in defined populations. For
example, in the United States, sickle-cell carriers are most
often found among African Americans. However, PKU, the
condition present in Al and Victorias baby, occurs across
all racial and ethnic groups and would not qualify for car-
rier testing.

2. Tests for carriers must be available, fast, and fairly
inexpensive.

3. Screening for these disorders must give at-risk couples
several options for having only unaffected children.

At this point, there are no mandated programs for car-
rier screening; however, one disorder that meets these three
conditions is Tay-Sachs disease, a fatal autosomal recessive
trait that affects 1 in 360,000 individuals (Figure 8.13). This
disease is associated with a disorder in the lysosomes in the
body’s cells (see “Biology Review: Cells and Cell Structure”).
It can lead to mental retardation, blindness, and death by age
3or4.

In Jews of Eastern European ancestry (Ashkenazi Jews),
the frequency of this disorder is almost 100 times higher
than in the general population (Figure 8.14). In the 1970s,



Figure 8.12 Genetic Screening Programs in the United States The key shows how many tests are

mandated by law in each state.
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CHAPTER 8

CASE A: QUESTIONS

Now that we understand how prenatal testing is
done and why, let’s look at some of the issues
raised in Al and Victoria’s case.

1. Why was Al and Victoria’s baby tested for PKU?

2. Neither Al's family nor Victoria’s family has a
history of PKU. Should Al and Victoria’s baby
have been tested at all? Explain.

Dan Mchy/Geﬁy Images

A heel stick is the most common

3. Should Al and Victoria have the right to refuse ~ method of obtaining a blood
this testing for their child? Why or why not? sample for testing in newborns.

4. Based on what you know about the law, do Al and Victoria have a right to sue the
hospital? Why?
5. PKU is a treatable genetic disorder. Affected children must follow a strict diet

that prevents many of the condition’s symptoms. Does this information change
your opinion about testing the baby?

6. Testing of newborns for PKU is done in every state; some states offer more
extensive testing for newborns. Al and Victoria live in one of these states. Should
they have been notified of the testing? Why or why not?

The sickle-cell anemia screening program generated unanticipated problems. In
1981, the Air Force policy that denied sickle-cell carriers admission to the Acad-
emy was reversed under threat of a lawsuit. In other cases, carriers were reportedly
turned down for insurance and employment, even though carriers have no inherent
health problems.

Some sickle-cell screening programs were criticized for not maintaining confidential-
ity of records and not providing counseling to those identified as heterozygotes (car-
riers). In the late 1970s and early 1980s, many of these screening programs were cut
back or reorganized, and only a few states currently offer, but don’t mandate, testing
for adults, although all 50 states and the District of Columbia screen newborns for
sickle-cell anemia.

voluntary carrier screening programs were initiated in Ashkenazi populations in the
United States. More than 300,000 individuals were tested in the first 10 years of screen-
ing, and 268 couples were identified in which both members were carriers and had not
yet had a child. This test is not DNA based; rather, it tests for the level of an enzyme in
the blood. These simple blood tests have been effectively used for years.

In the Ashkenazi community, Tay-Sachs screening programs are coupled with
counseling sessions that provide information about the risks of having an affected
child, the availability of prenatal testing, and reproductive options. These programs are
voluntary, although some states require that couples be informed about Tay-Sachs test-
ing. Before the screening programs began, each year between 50 and 100 children were
born with Tay-Sachs disease in the United States. This number decreased to fewer than
10 such births each year after screening programs were implemented.

Another population screening program began when the U.S. Congress passed the
National Sickle-Cell Anemia Control Act in 1972. This law was designed to establish
a screening program to identify carriers of sickle-cell anemia (Figure 8.15). Each state
received funds to set up a screening program. Some states established compulsory pro-
grams requiring that all African American children be tested before attending school;
others required testing before obtaining a marriage license. Testing was also done on
professional football players and applicants to the U.S. Air Force Academy, because car-
riers were not allowed to enter the academy.



Figure 8.15 These parents are concerned about their child,
who may have sickle-cell anemia.
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8.6 Essentials

® Genetic screening tests many individuals in a
population.

Many of the genetic disorders we have discussed can be treated
to alleviate symptoms, but none of them has a cure. Table 8.3
lists some conditions and their treatments, if available.

Table 8.3 Treatments for Genetic Disorders

Is Treatment

Name of Condition Available?  Treatment
PKU ! Yes | Diet low in
: i phenylalanine
Sickle-cell anemia EYes i Bone marrow
: i transplants, blood
transfusions
Hemophilia Yes Recombinant DNA
i Factor VIII
Cystic fibrosis Yes Inhalers,
’ antibiotics
Polycystic kidney Yes Kidney transplant,
disease dialysis
Tay-Sachs disease No
Huntington disease No
Muscular dystrophy No
Trisomies (Down No

syndrome, trisomy
18, etc.)

Masterfile

CASE B:
Company Gives Big Party

A wonderful party (e ; AR Y A}
was in full swing. 7, RS
Representative
Prescott Smith

had been to many
parties since being
elected to Congress
from his state, but
this one was the
best. The party was
hosted by MegaGene,
a large pharmaceutical company. MegaGene had just devel-
oped a test to detect the mutant allele for a disease that was
rare and serious but had no treatment or cure.

i

g

A company celebration.

Finally, at the end of the evening, MegaGene came to the
point. Company representatives suggested that Mr. Smith
sponsor a bill the company had drafted to require that every
baby born in the United States be tested for this gene.

1. Why was MegaGene throwing this party? Give three
reasons.

2. Why did the company draft the law? Give two reasons.

3. What should Congressman Smith do if asked to sponsor
such a bill?

4. Today all babies born in hospitals are tested for several
to dozens of genetic diseases by law (which condition
is dependent on the state). Should parents be allowed
to refuse this testing? Why or why not?

5. What do you think will happen, years from now, when
we have tests for all the human genes?

8.7 Essentials

¢ A few genetic conditions can be treated but not
cured.

What Are the Legal and
\ Ethical Issues Associated with
Genetic Testing?

The use of genetic testing and screening has a number of
accompanying ethical and legal problems. Because these
methods examine and record a persons genetic makeup,
privacy is extremely important. Both federal and state laws
require that medical records be kept private and their con-
tents not be revealed to anyone without the patient’s explicit
consent.
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Information from these tests can affect a patient’s health
insurance, job security, and even personal life. For example,
as discussed in Chapter 4, if an insurance company discovers
that a family carries the gene for Huntington disease, it may
not insure them. In another example, would a person be will-
ing to marry someone who carries the gene for Huntington
disease or the gene for polycystic kidney disease?

These questions are dealt with either personally, on a one-
to-one basis, in the courts, or in the legislature. In some cases,
laws have been passed prohibiting discrimination against
someone because of his or her genetic makeup. During the
1970s, many people were discriminated against based on their
carrier status for sickle-cell anemia, and many screening laws
were repealed.

On another level, companies that work to create a test for
a specific disease gene spend millions of dollars on research
and development. For this reason, they are looking to sell this
test to as many potential customers as possible. If, as Mega-
Gene wanted, the company’s test were used in a screening
program of newborns, this would be one way to recover the
money spent on research and development.

Table 8.4 addresses some of the ethical and legal ques-
tions in testing and screening.

8.8 Essentials

e Genetic testing must be done under circumstances
that ensure that the results will remain private.

Table 8.4 Legal and Ethical Questions about Genetic Testing

Question

How should genetic test
results be used?

Should we test for
conditions that have no
cure or treatment?

Should the government
decide who should be
tested?

Should insurance
companies or employers
be allowed to require

How Are These Questions Decided?

Laws control the use of information, but
insurance companies ask potential insurees
to sign a release for their medical records.

The individual makes the decision for this
testing (except as mandated by screening
laws) after meeting with a genetic counselor
or a physician.

Since the 1970s, the U.S. government has
mandated testing for all newborns born in
a hospital. Babies born at home may be
missed. The numbers of tests is increasing.

This has happened only in a few cases.
The argument is usually that it is for the
customer’s or employee’s own good.

Related Case or Legal Issue

The Kennedy-Kassebaum law stops insurance
companies from discriminating against
patients with genetic conditions.

Newborns and children have no right to
refuse testing; however, adults can refuse,
and the law has upheld this right.

Parents have sued to be excluded from the
testing and have won on religious and moral
grounds. But most parents don't even know
the testing occurs.

In EEOC v. Burlington N. Santa Fe Railway
Co. (see Spotlight on Law, Chapter 5), the
company wanted to test all employees for

genetic testing of their
potential customers or
employees?
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a gene that predisposes them to carpal
tunnel syndrome. The court decided
that the testing violated the Americans
with Disabilities Act, and the company
i immediately stopped the testing.




Spotlight on Society

Iceland and Its Genetic Code

This spotlight will examine the nationwide genetic testing
being done in Iceland. In 1996 an Icelandic scientist, Kari
Stefansson, started a company called deCODE Genetics to find
disease genes in the human genome. It seemed logical that if
he could identify a large population of closely related people,
any genetic differences related to disease would stand out.

Iceland has a relatively small, homogenous population of
approximately 290,000. Few people have immigrated there,
and even fewer have left. Iceland keeps meticulous records
of families as well as comprehensive health records that date
back to the early 1900s. Figure 8.16 shows some children
from Iceland, all with similar phenotypes.

Figure 8.16 Members of this crowd in Iceland have very similar
phenotypes, reflecting their genotypic similarities.

Stefansson thought that if he could get DNA samples from
everyone in Iceland, as well as their health and genealogy
records, he could identify disease genes more easily. In the
beginning, he asked for volunteers to supply samples for his
DNA database. However, to speed up the process of gene
hunting, he approached the Icelandic government with an
idea. He proposed that the government ask each citizen of
Iceland to come forward and give a sample of his or her DNA
for this database. After a great deal of debate, a law was writ-
ten, and on December 17, 1998, the Health Sector Database
Act was voted into law by the Icelandic parliament.

For a one-time fee of $950,000 paid to the Icelandic govern-
ment, deCODE was given complete access to family histories,
medical records, and genetic information for the entire popu-
lation of Iceland. According to the law, deCODE will construct
a database (at a cost of $10-20 million) of DNA samples from
members of the population. Differences in DNA sequence
would be used to search for disease-associated genes. In
exchange, deCODE will receive and retain all profits derived
from its operating license.

© Bartek Wrze;niowski/Alamy

To ensure privacy of medical records, the law forbids deCODE
from sharing medical information with anyone. In exchange,
Icelanders have been promised free access to genetic tests
and medications developed from this project. deCODE has
signed drug development contracts with several pharmaceu-
tical companies, including Merck, Roche Diagnostics, and
Hoffmann-La Roche.

Some of deCODE’s accomplishments include the discovery

of a number of disease genes, including those linked to
schizophrenia and heart disease, and clinical trials on drugs
developed to treat these disorders are underway. In addition,
deCODE has recently started a service called deCODEme. Using
a DNA sample collected by swabbing the inside of the cheek,
this online service offers a genome scan to identify genomic
variations associated with risks for a number of genetic
disorders. Results from the genome scan can also be used to
trace an individual's genetic ancestry, compare genome data
with other individuals, and make predictions about someone’s
physical attributes, based on the analysis of the genome
scan.

Iceland has had a serious financial setback recently and is
trying to recover. As a result, deCODE genetics has also met
with some financial difficulties (Figure 8.17). The CEO of
deCODE has suggested the personal testing wing of the com-
pany (deCODEme) will carry it through the next few years.

QUESTIONS

1. One of the interesting parts of Iceland’s Health Sector
Database Act is that it presumes consent of all the
members of the population. What problems do you see
with this?

2. Should Icelanders have the right to opt out of the testing?
Explain.

Figure 8.17 The Icelandic headquarters of deCODE, where
much of its work takes place.
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Figure 8.18 A Page from an Icelandic Phone 3. Why should deCODE have a monopoly on the data and the
ability to profit from such information? Give both pro and

Book Notice the similarities in names, and the number of
con arguments.

people with the same name.
4. Will deCODE or other companies own part or all of an
ﬁﬁ e SIS REVIOAVIK 06 NAGRENNI 163 individual’s genome? Explain.
i 5. deCODE has promised Icelanders free medications. Will it be
liable for any unforeseen side effects? Explain.

Em ____ e 6. Figure 8.18 shows a page from an Icelandic phone book.
MM e 1 by 1. 7wy ds Mendlhaloe skt i 11} by 337 7003 Notice how many of the first and last names are the same.
o e E" ---------------------- ) L What does this tell you about the genetics of the people of
RS i Iceland?
i . If deCODE genetics has to go out of business, what do
you think might happen to all the samples taken from the
citizens of Iceland?
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