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Case Study:
Pig Organs

Adapted from the Personal Genetics
Education Project
www.pged.org
Background
There is a chronic shortage of organs for people who need donations, and pigs
hold a great deal of promise as possible donors, as many pig organs and human
organs are similar in size and structure. However, serious challenges persist for
potential recipients due to risks of
immune rejection. In addition, pig cells
are host to a number of potentially
dangerous retroviruses known as PERVs
(Porcine Endogenous Retroviruses) that
raise serious concerns about the risks of
tissue and organ transplantation.
In October 2015, scientists began to
address these problems by using CRISPR
on pig embryos to disable 62 PERVs that are embedded in the pig genome.
Separately, the same team also altered 20 genes that could cause an immune
response and blood clotting when pig tissues are transplanted into human
recipients; by altering these genes such that they will no longer provoke an
immune response, the chances for successful transplantation are increased.

CRISPR Pigs Are Now Available
The work on pigs is newsworthy in part because
of the number of edited genes – indeed, 62 is the
largest published number of genes altered by
CRISPR in an organism to date. Additionally,
despite the large number of CRISPR alterations,
the embryos did not show signs of damage, and
the cells continued to grow normally in the lab.
In 2017 a research group reported that they had
generated live, healthy animals from these
CRISPR-modified cells.

Questions for Discussion:
In a purely technical sense, it is now possible to
obtain PERV-free, antigen-muted organs from
these CRISPR pigs for transplantation, although
to date no such transplants have been approved or carried out. Nonetheless, it
seems clear that in the very near future requests for the approval of such transplant
procedures will be made. It will be important, therefore to come to grips with a
number of issues related to this procedure.
Animal Rights Engineering animal organs for transplanting into humans raises a
number of ethical concerns. Animal rights activists worry about the harming and
exploiting of animals.
Equity There are also concerns about whether the organs will be available to
patients in a fair and equitable fashion, or will they only be available to those who
can afford to pay for them.
Safety and Durability Others worry about the first group of people who agree
to such a transplant – will human bodies accept these organs, long term? Will the
organs actually function for a length of time that justifies the risks and expense?
Religious Concerns A number of religious groups have deeply-felt dietary
concerns about pigs and pork products. Will these concerns extend to animal
transplants, and as a result will they shut off millions of people from potentially
lifesaving transplants?

Case Study:
Gene Drives

Gene Drives:
For decades, biologists have dreamed of a way to control
serious, disease-carrying pests such as mosquitoes that
would not involve poisons, chemical pesticides, or other drastic techniques. One
longstanding idea would be to breed defective genes into a population in the hopes
of weakening or even eliminating the
pest. Unfortunately, such ideas are limited
by the usual rules of Mendelian genetics,
shown here:
Once a gene is inserted into a population,
there is no way to ensure its spread, and if
it places the organism at a disadvantage
for survival or reproduction, natural
selection will gradually eliminate it.
CRISPR, however, makes it possible to
insert a construct into a population that
actually engineers its own spread through the population:

The technique is simple enough. A construct is
inserted into one chromosome that actually targets
the other chromosome in a diploid cell, then cuts,
and inserts a copy of itself in the homologous
chromosome. As a result, the “cargo” gene, which
may weaken, sterilize, or even kill the host,
gradually spreads through the population. Once
the gene drive has gone to work, it alters the
genetic composition of the host population in a
way that enables it to be controlled, altered, or
even eliminated. One might hope, for example, to
introduce a gene drive in the mosquitoes that
spread malaria that might make it impossible for the Plasmodium parasite to
survive within them, breaking the life cycle of the microbe. More children are
killed yearly by malaria than any other infectious disease, which means that
controlling or eliminating it should be one of the highest public health priorities,
worldwide.

Proof of Concept
Experiments in a number of laboratories have shown that gene drives do indeed
work in captive populations of Anopheles, the mosquito that carries malaria. One
powerful strategy is to use
the drive to spread a gene
that suppresses the
development of female
mosquitoes. In one recent
laboratory study, the gene
drive construct spread
through the insects so rapidly
that the entire population
collapsed within 8
generations, unable to
produce enough female
mosquitoes to sustain itself.
The hope would be to
released laboratoryengineered mosquitoes into heavily infected areas, suppressing or even eliminating
the insect vectors and preventing the spread of malaria. Similar techniques could
be used against other insect-borne diseases, such as Zika virus and dengue fever.

Should We Go Ahead?
Maybe. But consider this excerpt from Scientific American (9/14/18) describing
some of the issues that should be addressed before releasing this promising genetic
tool into the wild:
https://www.scientificamerican.com/article/gene-drive1/
The Defense Advanced Research Projects Agency (DARPA) is among the
investors who are enthusiastic about the technology. It has poured $100 million
into gene-drive research aimed at fighting mosquito-borne disease and invasive
rodents. The Bill & Melinda Gates Foundation has invested $75 million in a
research consortium working on gene drive to combat malaria.
Despite all the promise, gene drives raise many concerns. Might they
inadvertently jump to, and disrupt, other species in the wild? What are the risks of
eliminating selected species from an ecosystem? Could malevolent parties use
gene drives as a weapon to, say, interfere with agriculture?
In an effort to avoid such dire prospects, one team has invented a switch that
must be turned on by delivery of a particular substance before the gene drive will
work. In parallel, multiple groups of scientists are working on protocols to guide
progression through each stage of gene-drive testing. In 2016, for instance, the
U.S. National Academies of Sciences, Engineering, and Medicine reviewed the
research and made recommendations for responsible practices. And in 2018 a
large, international working group laid out a road map for handling research from
lab studies through releases in the field.
Beyond limiting the risks of the technology itself, many investigators also want to
avoid incidents and missteps that could lead to public or policy backlash. In a
2017 essay about the potential use of gene drive for eliminating pest mammals,
Kevin M. Esvelt of the Massachusetts Institute of Technology and Neil J.
Gemmell of the University of Otago in New Zealand fretted that an international
incident could set back research by a decade or more. “For malaria alone,” they
predicted, “the cost of that delay could be measured in millions of otherwise
preventable deaths.”

News Update: More than 750 million genetically-modified mosquitoes are
scheduled to be released in the Florida Keys this fall to help control dengue fever,
which is carried by the Aedea aegypti mosquito:
https://www.cnn.com/2020/06/18/health/genetically-engineered-mosquitoes-gmoflorida-scn-wellness/index.html

Questions for discussion:
Are CRISPR Gene Drives Without Risk?
While CRISPR constructs can be engineered to target a highly specific region of
DNA, as these laboratory experiments have
shown, there is also a possibility of so-called “off
target” effects. In other words, at a certain very
low frequency, the system may cause unintended
DNA breaks which may be repaired in
unpredictable ways. Should we hold back on
releasing such tools into the wild, knowing that if
something does go wrong along these lines, at
present there would be no way to “recall” them
from nature?

Are they Truly Safe and Effective?
We know that gene drives work in laboratory
populations. However, in the absence of a field
test, we cannot be sure that they will have the
intended effect in a wild population. Are they
additional tests that should be done before we
conclude that genetically engineered mosquitoes
should be released into the wild?

Could Resistance be a Problem?
Virtually every insect and pest control system ever implemented has eventually
resulted in the evolution of resistance within the population for which control has
been sought. Is that a possibility here, too? And if resistance to the gene drive
mechanism does emerge, what form might it take?

Could There be Ecological Side Effects?
Although we rightly regard mosquitoes (and rats, for that matter) as diseasecarrying pests, they are nonetheless part of the ecosystems in which they reside
and play a part, as all organisms do, in food webs and ecosystem goods and
services. Can we be confident that a highly-effective gene drive would not have
unexpected ecological consequences for other organisms that might depend upon
the very pests we seek to eliminate?

Case Study:
Duchenne Muscular
Dystrophy

From the National Center for Case Study Teaching in Science
https://sciencecases.lib.buffalo.edu

This well written Case Study is focused on a particular family and they way they
come to earn about CRISPR technology and attempt to come to grips with how it
might be used to deal with the potential of Duchenne Muscular Dystrophy (DMD)
in their own family.
Part I: The family’s grandfather watches Jennifer Doudna’s TED talk on the
potential of gene editing to correct defects such as DMD.
Part II: A couple in the family is considering having children, and they learn that
the potential mother carries a single copy of the DMD allele. They worry that if
they have a male child, he may suffer from muscular dystrophy as a result. The
case study asks students to explain why male children are particularly at risk, and
what the odds might be of the couple having a child with DMD.
Part III: A granddaughter in the family learns of the CRISPR technique in her
college biology class, and immediately realizes that this technique might be
applicable to her aunt and uncle who are grappling with the question of whether or

not to have a child, given the risk of passing along DMD.
Part IV - Research: Nadia, the college student, decides to carry out research in
the scientific literature regarding the CRISPR-Cas9 technique and its potential for
solving her aunt and uncle’s problem. She weighs the potential risks and benefits
of the procedure, and also considers some of the ethical questions around changes
to human germ line DNA.
Questions from the Case Study
Why is the couple concerned about having a son with DMD? Are their daughters
not at risk?
Conventional gene therapy, described as introducing a functional copy of an allele
into an individual that lacks this allele, has been explored as a clinical approach
for decades. However, conventional gene therapy is not useful in treating certain
genetic conditions.
Conventional gene therapy,
described as introducing a functional
copy of a gene into an individual
that lacks this allele, has been
explored as a clinical approach for
decades. Why is the CRISPR-Cas9
system more favorable compared to
this conventional type of therapy?
A recent research study seems to have successfully corrected DMD in a mouse
model of the disease. Does this ensure that the same technique will work in
humans?
What challenges might there be in using genome editing to treat an individual
diagnosed with DMD after birth?
The article also refers to “off-target effects.” Explain what you think is meant by
this phrase, and why it might be a risk when using CRISPR-Cas9 clinically.
What challenges might there be in using genome editing to treat an individual
diagnosed with DMD after birth?
How might the way we think about using these gene editing technologies change
if we imagine them being employed for purposes other than clinical disease
prevention/treatment?

Case Study:
CRISPR Foods

Conventional Plant Genetic Engineering
GMOs, as we have come to love (or hate)
them are created by inserting a gene of
choice into a single plant cell, and then
regenerating a complete plant. The essence
of the technique is the use of recombinant
DNA inserted into the plant genome.
Genetically-modified plants may display
disease resistance, herbicide tolerance, or
insect resistance as a result of the DNA
that has been used to modify their
genomes. As a result, the current legal
definition of a GMO is one that has been
modified by the addition of genetic
material from another organism.

What’s Different About CRISPR?
Because CRISPR is a gene-editing technique, it need not involve the insertion of
foreign genes into the plant genome. In fact, once a CRISPR construct has carried
out the modification or inactivation of a gene, it usually does not leave any trace of
itself behind. GMOs, on the other hand, carry both the foreign gene and the
control sequences needed to ensure a high level of expression of that gene. This
means that there is no straightforward way to determine whether a plant genome
has been modified by CRISPR technology.

What Can Be Done with CRISPR?
The simplest way to employ CRISPR technique is to inactivate an existing gene
by engineering a double-stranded break in the gene, and then allowing it to be
repaired by the cell’s own DNA repair mechanism. Because double-stranded
breaks are repaired by the insert of random bases, this usually results in the
inactivation of the gene in question. While it is
also possible to insert defined DNA sequences by
homologous recombination, to date most CRISPRmodified plants have involved the inactivation of
certain plant enzymes.
One product already on the market is the “Arctic®
Apple,” in which CRISPR has been used to reduce
expression of a gene coding for polyphenol oxidase
(PPO), an enzyme that causes browning when a
sliced apple is exposed to air. These apples are both
highly nutritious and resistant to browning.
A similar strategy has been used to produce a
variety of mushrooms in which the PPO gene has been inactivated, making the
mushrooms resistant to browning, increasing their shelf life and long-term
nutritional value. In genetic terms, unless one knew how these organisms had been
produced, it would be nearly impossible to distinguish a CRISPR-modified plant
from one that was the result of a naturally-occurring mutation.

Discussion: Should they be
Regulated?
Because these organisms do not contain
foreign DNA, they do not meet the
current legal definition of GMOs.
Should they?
• Safety: Can we be sure that foods from
these gene-edited plants are safe?
• Regulation: What level of government regulation, if any, should be in place
before such foods are made available to the public?
• Information: Do consumers have a right to know if their food contains
CRISPR-modified organisms? If so, should they be labeled differently from
conventional GMOs.

Case Study:
Three-Parent Babies

Background
3-parent offspring are nothing new.
When Dolly the sheep was cloned in
1996, most of her genome came from the
nucleus of an adult sheep that had been
transplanted into an enucleated egg cell.
However, her mitochondrial genome
came from the donor of the egg
cytoplasm into which that nucleus was
transplanted.
With the discovery of mitochondrial genetic disorders, scientists began to wonder
if it might be possible to eliminate such disorders by the use of a “third parent” to
donate egg cytoplasm with healthy mitochondria into which a nucleus produced
by two other parents might be transplanted.

Birth of the first 3-Parent Baby
In April 2017 physicians in New
York City announced the birth of
the first 3-parent baby in the
United States. The child was born
to two parents whose previous
attempts to have children were
unsuccessful a mitochondrial
disorder known as Leigh

Syndrome found in the mother’s
organelle DNA. By a technique known
as Spindle Transfer, she and her husband
were able to produce a healthy child
whose mitochondria came from an egg
cytoplasm donor.

Possible Applications
More then 30 known human genetic
disorders have been mapped to the 37
genes in the human mitochondrial
genome. All of these disorders run in families where they are passed along via the
maternal line of descent. While some are debilitating or potentially fatal, others are
of a less serious nature. Potentially, all of these disorders could be eliminated
from the families in which they are found by means and spindle transplantation
into cytoplasm obtain from a third parent mitochondrial donor.

Questions to Discuss
Safety Research has demonstrated that
interactions between the nuclear and
mitochondrial genomes are extremely
complex. Should we go ahead with these
procedures if they have the potential to
upset the genetic relationship between
these two organelles in an unknown way?
Equity and Necessity At the present time the cost of these procedures is
extremely high. As a result, will they be restricted to those who can afford them,
or will they be a way to make them available to all those who need them? In
addition, might it not be better social policy to advise couples at risk of genetic
disorders to forgo having children of their own and consider adoption as an
alternative?
Ethical Considerations While few would argue against the use of mitochondrial
transfer to eliminate or cure genetic disorders, it is worth considering cases where
the procedure might be used more for genetic enhancement than for medical
necessity. Should parents be allowed to shop for and to purchase egg cytoplasm
with potentially superior mitochondria that might aid in athletic performance or
provide other qualities that might enhance the lives of their offspring? Would
such procedures be an ethically defensible use of this powerful technology?

