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Shima Gyoh has held many posts ranging from village 
doctor to DG of Nigeria’s Federal Ministry of Health and 
Chair of the Medical and Dental Council of Nigeria. 

Genome editing: prospects 
and fears
Shima Gyoh unravels the complex world of genome editing, 
and ends with a question

Body tissues grow in size by repeated mitosis, a process 
that ensures the daughter cells have exactly the same 
genetic complement as the original parent cell. However, 
mutations may occur, causing genetic variations in the 
daughter cells that confer variable new phenotypic at-
tributes, some useful but others harmful like malignancy. 
Cancer cells are never exactly identical to any other cell 
in the body and their growth pattern escapes the body’s 
regulatory mechanisms. They are virtually ‘foreign’ tissue, 
and usually, the body’s immune mechanism recognises 
them as such and destroys them. However, some cancer 
cells somehow fool the body’s defences and continue 
to grow with ineffective challenge from immune cells. 
Efforts to discover how this fooling is done, and how to 
overcome it are yielding results in successful treatment of 
cancer through genetic-immune manipulation.

Genome editing refers to the deliberate production 
of mutations in the inheritance mechanism of a cell 
in such a manner that the altered genotype, together 
with the consequent phenotypic effects are forever 
transmitted down to its daughter cell lines. If the editing 
is specifically designed to neutralise the effects of the 
mutation in the cancer cell, the growth can be efficient-
ly destroyed by the body’s new defence cells that now 
recognise the cancer cells as foreign tissue. Genome ed-
iting can also make the defence cells resistant to viruses 
that first infect and neutralise them. For example, the 
viruses of both Ebola and the human immunodeficiency 
disease devastate the body mainly though attacking the 
immune system. In the case of human immunodeficien-
cy virus, it destroys CD4 white cells by infecting them 
via a chemokine receptor (CCR5) the cell produces 
on its surface. A Delta32 mutation on the CCR5 gene 
inactivates production of the receptor, and the HIV is 
unable to infect the cell. This mutation, though rare does 
occur naturally, conferring immunity to HIV infection in 
people who are homozygous for it. Sangamo Biosci-
ences of Richmond, California used an enzyme called 
Zink Finger Nucleases to destroy the CCR5 gene, thus 
artificially producing HIV-resistant white cells.

The technology, hitherto ‘rocket science’, has now 
been made easy and cheap by a newly discovered 
method, known as CRISPR/Cas9, or clustered regularly 
interspaced short palindromic repeats. It uses a protein 
enzyme, Cas9 that guides an RNA molecule to a spe-
cific target site on the DNA molecule where it is edited 

by disruption and/or insertion of a gene. The process 
has been done with success in plants and animals, and 
the Chinese have admitted doing it on human tissues in 
culture. In ‘gene drive’, the changes caused by CRISPR/
Cas9 on one chromosome automatically copy them-
selves on its allelic pair, making all the progeny homo-
zygous for whatever the gene codes for. The technology 
gives hope for eradicating unwanted plant and animal 
pests, but raises concern on the unpredictable short and 
long-term ecological consequences.

Genome editing in somatic cells goes no further 
than the life of the patient, neither do the diseases. With 
familial diseases, genome editing in gametes or in the 
embryo would eliminate the disease in the patient and 
his or her subsequent generations, forever! This will 
conveniently eradicate distressing genetic diseases, such 
as diabetes mellitus and sickle cell anaemia, and bring 
hope and happiness to affected families. It might be used 
to humanise animals so that their organs can be used 
without severe rejection in human organ transplantation. 
Nevertheless, the procedure also poses technical dangers 
of mistakes and unintended action at off-target sites that 
could produce irreversible grievous and unforeseen con-
sequences in the intermediate and long-term.

The method might also be misused for non-medical, 
non-therapeutic purposes like the production of de-
signer babies, people with enhanced athletic or military 
prowess, and ‘improvement’ of racial characteristics.

Genes reside in chromosomes; genome editing is 
therefore a nuclear affair. However, the mitochondria in 
the cell cytoplasm that produce energy for the cell also 
contain about 37 genes, the malfunction of which result 
in many distressing diseases inherited entirely through the 
mother since fathers contribute only chromosomes and 
no cytoplasm to their progeny. It is possible to replace 
the faulty maternal cytoplasm with a healthy one from a 
donor. The baby will be born with nuclear chromosomes 
from the two parents functioning in the cytoplasm of a 
third person, the donor. Its DNA is thus derived from 
three sources, the so-called ‘three parent baby’. The eth-
ics of this is being presently debated by the world.

Sudden germ line modification in the human ge-
nome that has evolved over millions of years since life 
began raises serious biological and ethical fears. Many 
people want an outright ban on it, but others feel that 
there should be at least a moratorium until more is 
known about the short and long-term consequences of 
the technology in animals. What do you think?
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