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Oocyte quality
Assisted reproductive technologies (ARTs) can now circumvent many sub-fertility
disorders, however, efficacy is still limited by the number and quality of oocytes;
Women affected by ovarian dysfunctions, severe endometriosis, advanced maternal
age, etc, are often challenging patients in IVF treatments;
Frequently, some of these patients present impaired embryo development in
repeated IVF cycles, which is mainly attributed to poor oocyte quality;
Oocyte quality is often defined as the competence of the oocyte to develop into a
good morphology and euploid embryo with chances to implant;
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Oocyte quality
The developmental competence is mainly dictated by chromosomal status of the
oocyte and the cytoplasm, which is constituted by innumerous organelles, mRNAs,
proteins and other factors that are crucial for embryo development;

As the most numerous organelle in the oocyte, mitochondria are thought to play an
important role in oocyte developmental competence (Wolf et al., 2013);

Wolf DP, Hayama T, Mitalipov S. EMBO J. 2017
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Mitochondrial dysfuntions
Higher ATP levels in oocytes correlate with better embryo development and
implantation rates (Van Blerkom et al., 2004, Reproduction);
Decrease ATP synthesis in oocytes has adverse effects on spindle formation,
fertilization and chromosomal segregation, resulting in poor embryo development
(Chappel, 2013, Obstet Gynecol Int; Ramalho-Santos et al., 2009, Hum Reprod Update);

Mitochondria dysfunction is involved in poor developmental competence of oocytes
in older patients (Chappel S. 2013, Obstet Gynecol Int);
Altered levels of mtDNA are associated with female age and impact in aneuploidy
and embryonic implantation potential (Fragouli et al., 2015, PLOS Genetics);
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Mitochondria
Mutations and/or deletions in mtDNA have been associated with several important
diseases and dysfunctions and pathophysiological processes, such as aging,
neurodegenerative diseases, diabetes and obesity, and infertility;

Prashant Mishra & David C. Chan, Nature Reviews Molecular
Cell Biology 15, 634–646 (2014)
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Strategies to enhance oocyte quality
Mitochondrial dysfunction is a major cause of decline in oocyte quality1-4
Donor oocyte cytoplasmic transfer resulted in live births, but was abandoned due
to the concerns with heteroplasmy4

1Conti

M, Franciosi F. Hum Reprod Update 2018:245-266.
DP, Hayama T, Mitalipov S. EMBO J. 2017. 36(17):2659.
3Van Blerkom, J. (2004). Reproduction, 128(3), 269–280.
4Cohen J. (1998) . Mol Hum Reprod (3):269-80.

2 Wolf
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Strategies to enhance oocyte quality
Mitochondrial dysfunction is a major cause of decline in oocyte quality1-4
Autologous mitochondrial transfer (AUGMENT) live births have been reported, but
improvements on oocyte/embryo quality not proven;

1Conti

M, Franciosi F. Hum Reprod Update 2018:245-266.
DP, Hayama T, Mitalipov S. EMBO J. 2017. 36(17):2659.
3Van Blerkom, J. (2004). Reproduction, 128(3), 269–280.
4Cohen J. (1998) . Mol Hum Reprod (3):269-80.

2 Wolf
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Mitochondrial replacement techniques
Mitochondrial transfer is not sufficient to correct dysfunctional mitochondria or to repair other cytoplasmic
deficiencies that may be present in poor quality oocytes;
An approach that may offer greater promise to improve oocyte quality is the transfer of the nuclear genome
from an affected oocyte or zygote into a new healthy cytoplasm - Mitochondrial replacement therapies (MRTs)
GV transfer | Polar body transfer | Spindle transfer | Pronuclear transfer

Wolf DP, Hayama T, Mitalipov S.
EMBO J. 2017 Sep 1;36(17):2659.
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Maternal spindle transfer (MST)
MST transfer
Patient’s oocyte

Donor’s oocyte

In vitro culture

Patient cytoplasm
discarded
Donor spindle
discarded

PGT-A
Healty baby genetically related
with the patient

Technically very demanding | low mtDNA carryover | Manipulation of oocytes before
fertilization | Easier to coordinate the spindle donor oocyte and the recipient cytoplast
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Prevention of mtDNA diseases
The UK the first country to regulate mitochondrial donation to prevent the transmission of
mtDNA diseases;

•

“Assisted reproduction techniques that today are a routine in IVF laboratories (IVF, ICSI, PGD/S) all involved a
degree of uncertainty when they were first performed in humans”;

•

“There is no compelling reason to think that cytoplasm/mitochondrial replacement techniques, like spindle
transfer, are unsafe”;

•

“We reached the moment when it is important to move on and explore the feasibility of MST in carefully
controlled clinical trials”.
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Prevention of mtDNA diseases

© embryotools

Prevention of mtDNA diseases
First live birth in 2016 of a boy using spindle nuclear transfer for preventing a mtDNA
mutation causing Leigh Syndrome;
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Research project
Hypothesis:
– Explore the efficiency and safety of the maternal spindle transfer
(MST) in the treatment of infertility problems related to poor oocyte
quality –
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Research project
Proof of concept
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- MST feasible without impairing embryo development;

- Overcomes embryo development arrest in NZB oocytes;
- MST mice healthy and fertile over 5 generations (F5);
- Low (2-3%) heteroplasmy levels in embryos and organs;
- No heteroplasmy detected after F3;
Costa-Borges et al., 2017; 2019 (in review)

- Very high enucleation (99.1%) and fusion (98.1%) rates once
optimized all steps;
- Normal fertilization, blastocyst development and euploidy rates;
- mtDNA carryover <1% (n=30);
- Feasible with fresh or vitrified spindles, but better results
achieved with fresh cytoplasts;
Costa-Borges et al., 2018
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Pilot trial

Translational Research into humans:
•

Pre-clinical validation | Pilot trial

✓ Authorized by the Greek Authority of Assisted Reproduction (ref. no.: 437/23.9.2016);
✓ Approved by the IRB of the IASO Maternity Hospital;
✓ Informed consent was obtained from all donors/patients participating in the study;
✓ Experiments were carried out at the Institute of Life (Athens);

✓ Progress updates delivered every three months;
Dagan Wells, PhD
Katharina Späth, PhD

✓ All treatments were free of charge;
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Enucleation and reconstruction techniques
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Pilot trial | Inclusion criteria

Eligibility
Participant inclusion criteria:
1. Women under 40 y/o;
2. Diagnosed with infertility problems associated to impaired embryo development attributed to poor
oocyte quality;
3. Several previous in-vitro fertilization (IVF) failed attempts;
Participant exclusion criteria:
1. Women over 40 y/o;
2. Couples diagnosed w/ severe male factor infertility
Target number of participants:
25 patients
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Pilot trial | First pregnancy
Age: 32
Informed consents: ok
Indication: Low responder and endometriosis
Previous attempts: 4
Spindle transfer cycle: 3x MII (vitrified) -> 2x survived -> 2x MST -> 2x fertilized -> 1x blastocyst
Molecular
analysis:
Chromosomally
andamniocentesis
mtDNA carryover:
< 1% normal |
Ultrasounds:
normal
| Pre-Natalnormal
tests and
(16 weeks):
Position m.2706:
100% A

Position m.2706:
100% A

< 1%
Oocyte Donor

Patient

Amniotic Fluid
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Embryo

Pilot trial | First pregnancy

April 9th 2019 – delivery at 39 weeks of gestation through C-section, healthy boy, 2.960 kg and 51 cm
Followed-up every 3 months
(neurological exams, heteroplasmy levels being evaluated over time)

Online registry open to follow up all babies resultant from the application
of MRT procedures
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Pilot trial | Second pregnancy

Age: 39
Informed consents: ok
Indication: un-explained infertility
Previous attempts: 11
Spindle transfer cycle: 10x MII (vitrified) -> 8x survived -> 6x MST -> 4x fertilized -> 2x blastocysts
Molecular analysis: Chromosomally normal with mtDNA carryover < 1%
Ultrasounds: normal | Pre-Natal tests and amniocentesis (16 weeks): normal | Expected delivery: Oct2019
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Pilot trial | Third pregnancy

Age: 35
Informed consents: ok
Indication: PCOs | Previous attempts: 5
Collected 16x MII oocytes
Spindle transfer (----): 9x MST -> 7x fertilized ->
4x blastocysts -> 2x euploid
Control ICSI (--- ) 7x MII -> 4x fertilized –>
0 x blastocysts
Molecular analysis: Chromosomally normal with
mtDNA carryover < 1%;
Pregnant: 8 weeks
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Pilot trial | Ongoing Results
No. of patients recruited: 20 | Average age: 37.3 (min 32 and max 40)
Average no. of previous IVF cycles: 4.9 (min 3 and max 11)
Mean no. of MII oocytes used MST/patient: 4.3 (min 1 and max 10, no. total = 100)
• Successful MST rate: 94.0% (94/100)
• Fertilization rate: 73.4% (69/94)
• GQ Blastocyst developmental rate: 57.9% (40/69)
• % of euploid blastocysts/total biopsied: 45.0% (18/40)
• Pregnancy rates: 75% (3/4)
• Implantation rates: 75% (3/4)
Abstract, 4613, “PRELIMINARY RESULTS FROM THE FIRST REGISTERED PILOT TRIAL WITH MATERNAL SPINDLE TRANSFER TO
OVERCOME INFERTILITY” accepted as oral number
O-11 for oral presentation, 10/14/2019 11:45:00 AM, at the ASRM 2019 Scientific Congress
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Introduction of new technologies in reproductive medicine

Experimental
treatment

Innovative
treatment
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Established
treatment
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Experimental treatments:
Current status of
our project

There should be studies showing that the experimental treatment is safe in animals
Experiments carried out in mice | 5 generations followed | ASRM prize | High impact journal

Treatments involving laboratory procedures can be offered when there is at least clinical embryology data
that indicate normal cleavage, embryo morphology and blastocyst formation.
Pre-clinical validation in human donor oocytes | Normal fertilization, embryo development, blastocyst formation and aneuploidy rates |
Very low heteroplasmy (<1%) | ASRM oral communication 2018 | Paper under-preparation (pending)

Experimental treatments should always be embedded in a research setting, in which it is offered
to a selected and limited patient cohort.
Registered pilot trial being performed in a limited (25) and strictly selected patient cohort

This requires the approval of a local ethics committee, and informed consent of the patient.
License obtained from the Greek Authority in Assisted Reproduction | IRB approval | Treatments free of cost | Progress update reports
delivered every 3 months | Informed consents obtained from both patients and donors

Patients should be clearly informed of the experimental status and should receive information about (the
lack of knowledge about) possible risks, alternative treatments etc.
All patients informed both orally and with a written form (informative form) about the possible risks, alternatives, etc

© embryotools
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Conclusions
• MST is feasible and does not adversely affect the spindle apparatus or early embryo
development, as long as, all the steps of the protocol are optimized carefully;
• MST can enhance the potential of developmentally compromised oocytes to
develop up to the blastocyst stage, without compromising euploidy rates and with
very low (<1%) mtDNA carry-over levels;
• Preliminary results indicate that MST oocytes are able to implant and sustain a
healthy pregnancy to term;
• Carefully controlled pilot trials are expected to provide more insights into the
feasibility of technique for clinical applications to overcome infertility;
© embryotools

Conclusions
• MST may open new hopes for some patients with infertility problems refractory to
current clinical strategies – offering them higher chances of having a child genetically
related to them;
• MST can also be advantageous for donors – reduced phycological concerns – as
resultant children would not be genetically related to them | reduce anonymity
concerns;
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Prevention of mtDNA diseases
The UK the first country to regulate mitochondrial donation to prevent the transmission of
mtDNA diseases;

•

“Assisted reproduction techniques that today are a routine in IVF laboratories (IVF, ICSI, PGD/S) all involved a
degree of uncertainty when they were first performed in humans”;

•

“There is no compelling reason to think that cytoplasm/mitochondrial replacement techniques, like spindle
transfer, are unsafe”;

•

“We reached the moment when it is important to move on and explore the feasibility of MST in carefully
controlled clinical trials”.
© embryotools

mtDNA reversion in hESCs

Mitochondrial genome inheritance and replacement in the human germline.
Wolf DP, Hayama T, Mitalipov S.
EMBO J. 2017 Sep 1;36(17):2659.
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Abstract, 4613, “PRELIMINARY RESULTS FROM THE FIRST REGISTERED PILOT TRIAL
WITH MATERNAL SPINDLE TRANSFER TO OVERCOME INFERTILITY”

Accepted as oral number O-11 for oral presentation, 10/14/2019 11:45:00 AM, at the
ASRM 2019 Scientific Congress!
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Proof of concept in the mouse
Maternal spindle transfer (MST) among sibling B6CBAF1 oocytes is feasible
without impairing embryo development
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Proof of concept in the mouse
Spindle transfer overcomes embryo development arrest in NZB oocytes
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Proof of concept in the mouse
mtDNA heteroplasmy is stable in adult organs of mice generated by MST

The mean heteroplasmy level for the MST-generated mice was low at 2.1% ± 0.6% (mean ±
SD, n = 6, ranging from mean frequencies of 0.0% to 3.5% in individual mice.
Analysis of heteroplasmy in MST male mice showed that the level of NZB mtDNA remained
constant in all organs and equivalent to the levels found in the same organs of females.
© embryotools
Mice followed-up up to 5 generations (F5),
no heteroplasmy detected after F3.

Proof of concept in the mouse

Variant allele frequency (%)

mtDNA carryover in biopsied cells and the complementary embryos
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Heteroplasmy levels were similar between all embryonic samples, except for polar bodies;
Cleavage stage or blastocyst biopsy are preferable over biopsy of second polar bodies as
methods for determining the mtDNA carryover
levels found in pre-implantation embryos;
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Current research
Can MST be valuable for advanced age patients?
Oocyte maturation

Meiosis II

Meiosis I

Embryo development

aneuploid
In vitro culture

Mitosis
Insemination

The nature of the aneuploidy in aged oocytes can occur either due to segregation errors in chromosomes
throughout meiosis I or in chromatids segregation during meiosis II at the time of second polar body extrusion;
© embryotools

Current research
Can MST be valuable for advanced age patients?
Oocyte maturation

Meiosis II

Meiosis I

Embryo development

aneuploid
In vitro culture

Mitosis
Insemination

• The nature of the aneuploidy in aged oocytes can occur either due to segregation errors in chromosomes throughout
meiosis I or in chromatids segregation during meiosis II at the time of second polar body extrusion;
© embryotools

Current research
Can MST be valuable for advanced age patients?
MST
Oocyte maturation

Meiosis I

Meiosis II

aneuploid
In vitro culture

Mitosis
Insemination

If errors occur during meiosis I, it is likely that the transfer of a MII-stage spindle into a more competent
cytoplasm may not be sufficient to repair the aneuploidies that are already present before MST is
applied;
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Germinal vesicle transfer (GVT)
Donor’s oocyte

Patient GV discarded

Patient’s
oocyte

Patient cytoplast
discarded

ICSI

In vitro culture
GV transfer

In vitro maturation
(IVM)

Technically GV is easy to manipulate | Manipulation of oocytes before fertilization |
high mtDNA carryover due to uneven concentration of mitochondria in the
perinuclear area | Limited by low IVM efficiency and poor developmental rates after
fertilization
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1st Polar body nuclear transfer (1PBT)
Patient’s oocyte

PB
transfer

Donor’s oocyte

ICSI

Patient oocyte
discarded
Donor spindle
Discarded

In vitro culture

Spindle “de novo” formation

Technically demanding | Low mtDNA carryover within the 1st PB| Dependent on the
chromosomal status of the 1PB - a brief lifetime | Manipulation of oocytes before
fertilization
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2nd Polar body transfer (2PBT)
Female pro-nucleus
discarded
ICSI
Donor’s oocyte

In vitro culture

Donor’s zygote
ICSI
Patient’s oocyte
Patient’s zygote

2PB transfer
Fusion by HVJ-E
Zygote discarded

Technically demanding | Difficult synchronization between zygotes| low mtDNA carryover |
Dependent on the chromosomal status of the 2PB - a brief lifetime | Difficult to distinguish
male from female pronucleus | Ethical concerns – zygotes manipulation |
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Pronuclear transfer
Pro-nuclei discarded
ICSI
Donor’s oocyte

In vitro culture

Donor’s zygote
ICSI
Patient’s oocyte

PGD/S

Pronuclei
Fusion by HVJ-E
Patient’s zygote

Healty baby genetically related with
the patient

Cytoplasm discarded

Technically easier | high mtDNA carryover due to uneven concentration of mitochondria in the
peri-nuclear area | Difficult synchronization between donor and patient zygotes | Ethical
concerns - zygotes manipulation | half of the embryos generated discarded
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Current research
Germinal vesicle (GV) transfer alone or combined with spindle transfer?
Donor’s oocyte

Donor’s GV discarded

ICSI

Patient’s
oocyte

In vitro culture

Patient cytoplast
discarded

GV transfer

In vitro maturation
(IVM)

© embryotools

Current research
Germinal vesicle (GV) transfer alone or combined with spindle transfer?
Donor’s oocyte

Donor’s GV discarded

ICSI

Patient’s
oocyte

In vitro culture

Patient cytoplast
discarded

GV transfer

In vitro maturation
(IVM)
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Questions & Answers
- Is MRTs considered genome editing?
•

Genome editing refers to alterations in the sequence of the nuclear genome using techniques like CRISPR or TALENS, which can affect the germ
line and therefore are likely to be transmitted or passed on to the following generations. With spindle transfer or MRT in general, we aim to do
exactly the opposite, meaning that we aim to preserve and give chances to patients of transmitting there own nuclear genome, as it is.

- Are you going to follow up the babies?
•

Yes, we dedicated a lot of time explaining the patients the importance of following –up the resultant babies, not only for them, but also for
other couples that can benefit from the technique. They understood this and consented to do so, there actually an agreement with the
pediatrics department of IASO hospital to follow the babies up to the age of 18 y/o. In parallel, we are creating an online platform to register all
cases, which will be open to any other groups working on these techniques. This platform will represent an unique database with the health
status of the MRT derived babies.

- Are you considering extending the indication of the MST technique to patients over 40 y/o?
•

We are now conducting the trial with women under 40 y/o and we are seeing that patients that have a long history of unsuccessful IVF attempts
with conventions technique due to poor embryo quality, can now have high quality blastocysts., however, but it is not clear yet, whether we
would be able to rescue chromosomal errors with this technique. Most likely, if the meiotic spindle contains already errors, we may not be able
to to correct them. However, if aged patients within their pool of oocytes still have a few oocytes with a spindle with the correct number of
chromosomes, when put in a more competent cytoplasm, it may help to prevent errors occurring after oocyte activation (meiosis II) or during
embryonic development (mitotic errors).

- Heteroplasmy and epigenetic concerns?
•

•

•

Heteroplasmy with cytoplasmic replacement techniques (e.g. spindle or polar body transfer) can be avoided if the patient and donors’ mtDNA
haplotypes are matched; In addition, heteroplasmy does not mean disease, in particular, if we are not dealing with mtDNA mutations. We have
learned from the paper of Chen et al., 2016 (Follow up of children resultant from cytoplasmic injection) that children with high heteroplasmy
levels do not seem to present problems associated with heteroplasmy;
Off course “Assisted reproduction techniques that today are a routine in IVF laboratories (IVF, ICSI, PGD/S) all involved a degree of uncertainty
when they were first performed in humans. Actually, none of these techniques has been studied for so long as MRTs. All the scientific evidence,
seem to indicate that there is no compelling reason to think that cytoplasm/mitochondrial replacement techniques, like spindle transfer, are
unsafe. We reached the moment when it is important to move on and explore the feasibility of MST in carefully controlled clinical trials” – HFEA
experts report, 2016
Papers from Newcastle, Egli, Mitalipov’s groups – reported normal global gene expression and DNA methylation patterns in blastocysts |
Monkeys | Mice up to 5 generations | etc
© embryotools
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Questions & Answers
- Isnt’ it too premature to start experimenting with humans?
There is a huge amount of work involved to develop, optimize and demonstrate the effectiveness and safety of the technique, not only by our
group, but also other groups in the US (Mitalipov’s and Egli’s) and in the UK . NewCastle’s group – In our case, we took a very careful and
conservative approach when translating the technology to humans:
1.
Validations in the mouse model up to F5 generations;
2.
Preclinical validation in donor oocytes, development of accurate molecular analysis for chromosomal analysis and mtDNA
carryover, etc;
3.
Pre-clinical trial. Only one embryo transferred and followed the first pregnancy very closely before doing more transfers; The
second embryo was only transferred when the first pregnancy was already at 30 weeks;
Basic research is very important, but It reaches a moment that we cannot gather more information and we need to move on to understand
whether the techniques are okay or not with carefully controlled clinical trials;

- Do you think these techniques could be implemented in the lab routine of IVFs center soon?
For the moment, only few labs over the world are ready to perform the technique successfully. It’s a technology that requires very good
micromanipulation skills, a long learning curve, special equipment, etc, as well as, accurate molecular techniques that can combine mtDNA and
chromosomal analysis in a few cells. In our views, the logical way, would be to have an authorized by the regulatory bodies a few refence centrs
in Europe, US, with demonstrated competence to perform these cases, that should be in charge of doing the cases in a controlled way, before
the methods spread around;

- You announced a first pregnancy a few months ago, have you done more patients since then?
Yes, we have done more cases which resulted in the productions of blastocysts that are now being screened and are chromosomally normal –
we did not want to rush, we wanted to ensure everything was okay with the first pregnancy, before doing any more transfers. All analysis,
including: ultrasounds, amniocentesis, pre-natal diagnosis, all screening tests were normal, so we now transferring more embryos. Actually, we
have already a second pregnancy out of 3 ET performed so far.

- “Three-parents baby”
Well, this is a sensationalist term, used in the past by some journalists, I think we should avoid using this term, as it is not fair for the parents or
the individuals that may result from the procedures. When a person is transplanted with a bone marrow, a heart or other organ, we don’t say it
is a three-persons individual, why do we need to call them like that in this case?

© embryotools

47

Questions & Answers
- What are the main advantages of using this techniques?
This technique has a huge potential, the main advantage is that it can allow patients that have had several previous IVF cycles attempts new
hopes and higher changes of having a child genetically related to them, instead of having to be enrolled in an oocyte donation program;
Also for donors, it offers advantages, as it would reduce the phycological concerns related to the creation of babies with a blood relationship, as
it happens with current conventional oocyte donation programs;

© embryotools
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Is MRT germline modification?

© embryotools

Other points for discussion
• Poor oocyte quality is not exclusive of advanced maternal age patients;
• Mitochondria injection does not show to be effective to correct cytoplasmic
deficiencies or chromosomal abnormalities;
• Mitochondria may not be the only responsible for poor oocyte quality – other
cytoplasmic factors are likely to be also involved;
• Heteroplasmy with cytoplasmic replacement techniques (e.g. spindle or polar
body transfer) can be avoided if the patient and donors’ mtDNA haplotypes are
matched1;

1Fischer

© embryotools

et al., Fertil Steril 2018 Vol 110, Issue 4, Suppl, Pages e423–e424.
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Ethical / Moral issues

•

“Humanity has always needed time to get over scientific
breakthroughs. The fear about revising the laws of nature, altering
the natural order - it’s resistant to cerebral arguments. It generally
takes a generation or so to convince people that it’s okay.” by Eli
Adashi1, MD, Professor at Brown University, US.

1Preventing

Mitochondrial Disease: A Path Forward. Adashi, Eli, Y., MD, MS; Cohen, I., Glenn, JD Obstetrics & Gynecology:
March 2018 - Volume 131 - Issue 3 - p 553–556.
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Feedback from other countries

• “This new trial in Greece may put pressure on the U.S. and other
countries to change their policies for mitochondrial replacement
therapy, noting these cases open the door to medical tourism” – by
Professor I. GLENN COHEN 1,2, Harvard Law School
1https://www.statnews.com/2019/01/24/first-trial-of-three-person-ivf-for-infertility/
2https://hls.harvard.edu/faculty/directory/10176/Cohen

www.embryotools.com
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Feedback from other countries

“There is simply no way for any country to truly insulate itself from
alterations through mitochondrial replacement therapy entering a
country’s gene pool” – by Professor I. GLENN COHEN 1,2, Harvard Law School
1https://www.statnews.com/2019/01/24/first-trial-of-three-person-ivf-for-infertility/
2https://hls.harvard.edu/faculty/directory/10176/Cohen
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Feedback from other countries

“One of the ethical reasons presented so far against using MRTs for non-mtDNA related infertility hinges on the moral duty
that doctors have not to offer futile courses of action. But whether MRTs (or some MRTs) can help to overcome certain
types of infertility is an empirical question that is still open to empirical verification. And here is where a big difference
between the Ukrainian case and the Spanish/Greek case seems to lie. Whereas there is no clear evidence (or at least no
published evidence) that PNT, the technique that uses single cell embryos, can help to overcome infertility due to embryo
arrest (for which it was used in the Ukraine instance), in the Spanish/Greek case, the scientists have already presented
some evidence that MST “can enhance the potential of developmentally compromised oocytes to develop up to the
blastocyst stage without compromising euploidy rates”. And these findings seem to support the use of such technique to
help the 32 year old woman who suffers from poor ovarian reserve, which “indicates a reduction in quantity and quality of
oocytes in women of reproductive age group”. All this being the case, we can say that at least this first ethical hurdle (not
offering futile treatments) seems to have been overcome. And in doing so we are once more invited to revisit the ethics of
MRTs. Let us close here by stating the obvious: until we have more information about this case we will not be able to make
a complete ethical assessment of it.”– by Dr. César Palacios-González 1,2, Oxford University
1http://blog.practicalethics.ox.ac.uk/2019/01/a-third-mrt-baby-is-on-its-way/

2 https://www.practicalethics.ox.ac.uk/people/cesar-palacios-gonzalez

www.embryotools.com
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Ethical / Moral issues

• “We are hopeful that continued success abroad will lead Congress to reconsider its
ban on mitochondrial replacement therapy trials in the U.S. so that Americans can
have access to this promising technology”
• “Children will need to be followed into adulthood to make sure the technique
doesn’t have any side effects, but Amato said the limited data so far suggest that
the procedure is feasible and safe in humans” – by Paula Amato, OB-GYN at Oregon
Health and Science University
www.embryotools.com
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•

“Three-parents

baby” it is a sensationalist term and it should not be considered
genome editing – it is exactly the opposite, it is a technique that is meant to
patients that have had several previous IVF cycles attempts higher changes of
having a child genetically related to them, instead of having to be enrolled in an
oocyte donation program”; - by Nuno Costa-Borges, PhD

• “Also for donors, it offers advantages, as it would reduce the phycological
concerns related to the creation of babies with a blood relationship, as it
happens with current conventional oocyte donation programs”; - by Nuno CostaBorges, PhD
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