
 

Novel procedure reduces the risk of
mitochondrial disease transmission during
assisted reproduction
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Maximal residue removal of mitochondria in spindle transfer. Credit: Xiaoyu
Liao, Liao X et al., 2023, PLOS Biology, CC-BY 4.0
(creativecommons.org/licenses/by/4.0/)
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A finer glass tube and a more exacting technique with a refined
procedure can reduce the likelihood of transmitting mitochondrial
disease during assisted reproduction, according to a study published
October 5 in the open access journal PLOS Biology by Qifeng Lyu and
colleagues of Shanghai Jiao Tong University School of Medicine, China.
The study may improve the odds of having a healthy baby for women
who carry mutations in their mitochondrial DNA.

Mitochondria, the cell's major center for energy production, have their
own DNA that encodes several dozen essential genes. Mutations in these
genes can cause disease, including a type of optic neuropathy, metabolic
disorders, and muscle disease. These diseases are transmitted only via
the mother, because all of an embryo's mitochondria come from the egg,
not the sperm.

In a mother carrying such mutations, one technique that is used to reduce
the chances of disease transmission is spindle-chromosomal complex
transfer (SCCT), in which the nuclear chromosomes are removed from
an unfertilized egg while they are arranged along a structure called the
spindle complex, and transferred to a donor egg cell that has healthy
mitochondria.

Unfortunately, some disease-carrying maternal mitochondria often get
swept up along with the spindle complex. After egg fertilization, during
embryo formation, some of them may multiply to form a significant
fraction of the mitochondria in some tissues, and so cause disease.

To reduce the likelihood of mitochondrial transfer during SCCT, the
authors made three key changes to the standard SCCT protocol. First,
they transferred sperm into the egg cell before removing the spindle-
chromosomal complex, rather than waiting until after removal, since
previous studies have shown that manipulation itself can prematurely
activate the meiotic process, which is normally arrested until
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fertilization.

Second, after extracting the spindle-chromosomal complex from the egg,
they transferred it into an even narrower-diameter tube (12 micrometers
for mice, 10 micrometers for humans), in order to begin to squeeze
cytoplasm away from the complex.

Finally, they aspirated the cytoplasm/complex into a viscous chemical
medium, and manipulated the pipette to further separate the complex
from the cytoplasm, a process the authors called "swinging away" the
carried cytoplasm. With the complex now largely devoid of cytoplasm,
they transferred it into the waiting enucleated egg cell.

In mice, the procedure resulted in normal development of embryos and
healthy offspring, with no evidence of expansion of donor-egg
mitochondrial population in offspring tissues. In human oocytes, the
level of mitochondria carried over from the donor egg was about 4% of
that from the standard protocol, with no evidence of damaged
chromosomes, and high rates of normal early embryonic development.

"This novel protocol should reduce mitochondrial DNA carryover to the
lowest level currently possible," Lyu said, reducing the risk of
development of genetic disease in the offspring of maternal carriers.
"However, we have not been able to conclude yet that this procedure is
adequately safe in the clinic for preventing the transmission of inherited
mitochondrial DNA diseases," and further research will be needed
before clinical translation of this procedure.

Lyu adds, "We highlight that the MRR-SCCT strategy demonstrated not
only efficient residue removal of mtDNA but also fantastic embryo
development in mouse and human oocytes."

  More information: Liao X, Li W, Lin K, Jin W, Zhang S, Wang Y, et
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