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Clinical features of mitochondrial disease

f Sensorineural | [ e Seizure related stroke/ |
hearing loss metabolic stroke
* Epilepsy
* Ataxia
* Migraine
* Dementia
* Parkinsonism
* Developmental delay
* Psychiatric or
mood disorder
* Developmental
regression

Non-neulrological

5

* Ptosis

* Progressive external
ophthalmoplegia

* Optic atrophy

* Retinitis pigmentosa

Peripheral neuropathy

Nature Reviews | Disease Primers



Nuclear DNA: 3,000,000,000 bp

~1300 mitochondrial proteins

Heavy
strand

Mitochondrial DNA

mtDNA: 16,569 bp

13 mitochondrial proteins

>300 different
disease-causing mutations




Mitochondrial Genetics: heteroplasmy
and the threshold effect

Homoplasmic: Increasing heteroplasmy Homoplasmic:
wild-type mtDNA

mutant mtDNA

@ Wild-type mtDNA
' Mutant mtDNA

"~ Nucleus

h‘ Craven L, etal. 2017.
x4 Annu. Rev. Genom. Hum. Genet. 18:257-75



Mitochondrial Genetics: maternal
Inheritance

Inheritance pattern ® o

of mtDNA red = carrier
(males carry their
mother’s mtDNA,
but only females
pass it on to
their children)
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Mitochondrial Genetics: the bottleneck
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High level of mutation
(oﬁspf ing with mvtochondrial disease)

Intermediate level of mutation
(offspring with mild mitochondrial disease)

Low level of mutation
(offspring without mitochondrial disease)




new!

hen she first

fell pregnant

25 years ago,

Sharon Bernardi

had no idea of
the nightmare ahead.

After a normal pregnancy,
she gave birth to a healthy
girl. But only 28 hours later,
her baby was dead. Doctors
could give no explanation
and Sharon, 42, was baffled
and devastated. This tragic
tale repeated itself five
more times, as each of
Sharon's babies lived for
just a few hours. Only
one, Edward, survived,

Having just celebrated
Edward's 18th birthday,
full-time mother Sharon,
who lives with partner Neil
Smith, 38, in wnderhmd

"Aside from some terrible
morning sickness, my first
pregnancy was uneventful.
It was only after the delivery
that things began to go
wrong. My daughter, Gemma-
Louise, was born a perfect
pink, chubby baby. But half
an hour later, she developed
breathing problems and was
whisked to intensive care.
After 28 hours, she died.

“This was meant to be
the happlest day of my life.
Instead, | was mourning my
baby’s death and preparing
myself for her burial. It was
heartbreaking. The doctors
could give no explanation,
but I knew that I wanted 1o
be a mother and didn't
hesitate to try again.

“A couple of years later, in
1984, | gave birth to another
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Sharon Bernardi tells
new! abhout the curse
that has robbed her
of six children

baby - a boy, lain. This time
| was more anxious. | knew
that while my baby was still
inside me, he was safc. | was
almost scared of giving birth,
1 had a Cacsarcan section
because he was breech. I was
under general anaesthetic
and woke up, two hours after,
to be told my son had dicd.
“Again, there was a
postmortem and, again,
I was given no explanation
why lain died. The babics
were perfectly healthy on
delivery but just didn't scem

able to survive on their own,
As there seemed to be no
medical reason, I was never
warned against trying for
more children.

“Three years later, in 1987,
1 had Geoffrey, again born
by Caesarean. As the hours
went by and nurses came
in and out, doing checks,
I'started to feel hopeful.
Each minute I didn’t hear
anything, | took as a positive
sign - it meant my baby was
still alive. But 30 hours
after the birth, the doctor’s

footsteps came - and so

did the news 1 was dreading.
Geoffrey, like the two babies
before him, had died.”

family curse

“I began asking myself if it
was my fault. That's when
my mum admitted that she
had been through a similar
heartache. She had four
babies, the first three of
whom died a few hours
after birth. [ was the fourth
= the lucky one. It made me
wonder if it was something

1 had inherited from her,
but it also gave me hope. I'd
survived - maybe one day I'd
have a baby that would live.
“Edward, my fourth child,
bom two years later in 1989,
would be that survivor. He
was terribly poorly and |
was warned his chances of

| survival were slim, but the

hours turned into days,
then weeks, The doctors
didn't know why he was
different to the other babies,
but after a blood transfusion
and time on a ventilator, he
made it. Five weeks after he
was bomn, | took him home.
“Finally, | was the mother
I'd longed to be. Edward was
a bonny baby, reaching all
his milestones - walking by
14 months and talking as
normal. Then, when he
reached four, he began
falling over a lot. Experts
ran tests and scoured my
medical history. It was then
that Leigh's disease was
mentioned. I learned it was a
rare, inherited disorder that
caused degeneration of the
central nervous system.
Symptoms could include

truelife>:v= truelifer iryelifer truelifer

alack of muscle control

and breathing, and heart
problems. It was likely that
my mum had passed the
abnormal gene on 1o me

and as a carrier, | had

passed it on to my first three
babies - and now Edward.”

only child

“Doctors didn’t think Edward
would make it to his fifth
birthday. But he was a fighter.
I earned that although there
was no cure, Leigh's discase
could be managed by diet
and medication. The disease
has limited Edward's quality
of lifc - he is confined 10 a
wheelchair and suffers with
epilepsy. But he was a happy
child with lots of friends and
a greal sense of humour.

I'iteave hospital eXhausted, with
‘o haby to show for it - instead,

I'd have a funeral wo arrange

*“I learned to accept what
I had in Edward. But I didn’t
want him to be an only
child and I knew that there
was a chance 1 could have
another baby that would
survive. [ was aware of the
risks, but [ wanted to try for
more children. | had Holly
in 1991 and Olivia in 1995,
but neither survived.

“In 1996, 1 split from my
husband. I met Neil in a club
two years later. We had one
baby together, Caroline, in

2000 but she died after 29
hours. It never got easier.
I'd leave hospital exhausted
from the births - especially
if I'd had a Caesarean - and
didn’t even have a baby
to show for it. Instead, I'd
have a funeral to arrange.
“After Caroline, | decided
to stop trying for my own
health reasons. As a carrier
of Leigh's, I was on a lot of
medication, and doctors
warned my heart might not
be strong enough to cope.

trelife> trueliferr truelife

I feel sad that Edward never
had a brother or sister to
play with, but he's aware of
the brothers and sisters he

never knew. We've got photos

of my lost babies round
the house and if anyone
asks, I tell them I have one
child - but I've had seven.
“Neil has been supportive
but as a mother, losing your
children is something you
never get over. | think about
them every day, and have
Kkept their photographs
and fingerprints. They're
a part of my family history.
I can’t afford to break down
- because of Edward. T need

10 be strong for him, and it's

important that he enjoys a
good quality of life, If it gets
too much or | feel upset,

I'll deal with it privately.

"Of course, sometimes |
wish I'd had another child
or that | could make Edward
perfectly healthy - but [
know now that it just wasn't
meant to be. So, although
I'll Always remember my six
other children, writing cards
and lighting candles on each
of their birthdays, I also
apprediate what I've got.

“Edward has just

celebrated his 18th birthday.

Most kids with Leigh's
disease die between the
ages of two and eight, so
he's done so well 10 get this
far. We don't know what
the future holds, but we
take each day as it comes.
“Maybe one day, he
could have his own family.
If s0, as a male he won't
pass on the condition -
and we will finally have
broken the family curse.” @

[ you want to share your amazing true story with R&¥I &y 5571 520 7780 or email truelfe@express.couk

WORDS: Helen O'Brien PHOTOS: North News & Potunes.
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Estimated that ~2500 women of child bearing age are at
risk of transmitting mtDNA disease in the UK

Currently few effective treatments and no cure for
mtDNA disease

Many couples seek reproductive advice to reduce the
risk of having an affected child



Several options for women who carry an mtDNA mutation:

- voluntary childlessness

- adoption

- egg donation

- prenatal testing

- preimplantation genetic diagnosis
- mitochondrial donation



Prenatal Testing

/

Couple conceive naturally and the heteroplasmy level determined in cells
removed from the pregnancy.

Will only reduce the risk of mtDNA disease when a patient has low levels of
faulty mitochondria within her eggs.
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Preimplantation Genetic Diagnosis

Couple undergo an IVF cycle and the heteroplasmy level determined in cell(s)
removed from the developing embryo.

Will only reduce the risk of mtDNA disease when a patient has low levels of

faulty mitochondria within her eggs.
15



Reproductive options: mitochondrial
donation

Patient oocyte
Nuclear DNA

Mutant
mitochondria

Donor oocyte

Nuclear DNA

Wild-type
mitochondria




Reproductive options: mitochondrial
donation

Patient oocyte
Nuclear DNA

Mutant
mitochondria

Donor oocyte

Nuclear DNA

Wild-type
mitochondria




Reproductive options: mitochondrial
donation

Patient oocyte
Nuclear DNA

Mutant
mitochondria

Donor oocyte

Nuclear DNA _ /
) ‘ 99.9% nuclear DNA from

Wild-type
yP parents

mitochondria

0.1% mtDNA from donor
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Scientists win rlght to create human Designer

embryo with three genetic parents babies to
wipe out
diseases
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Three—pa'rent babies' cure for illness planned
raises ethical fear
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Britain's House of Lords approves

"Three-parent' mitochondrial IVF technique to be assessed A .
B e conception of three-person babies

AEE o The Government has asked the fertility watchdog to assess a controversial
new "three-parent” treatment for IVF.
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Reproductive options: mitochondrial donation

Greggains et al, Sci Rep. 2014
Jan 24;4:3844
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Germinal Vesicle Polar Body Transfer Maternal Spindle
Transfer (GVT) (PBT) Transfer (MST)

Pronuclear
Transfer (PNT)
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Fertilisation



Early pronuclei

Zona pelucida




Pronuclear transfer: proof of principle

Pronuclear transfer in human embryos to prevent
transmission of mitochondrial DNA disease

Lyndsey Craven', Helen A. Tuppen', Gareth D. Greggains™*, Stephen J. Harbottle®, Julie L. Murphy',
Lynsey M. Cree', Alison P. Murdoch®, Patrick F. Chinnery', Robert W. Taylor', Robert N. Lightowlers',
Mary Herbert™"* & Douglass M. Turnbull"*?
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<Fourcell = Four-cellto Blastocyst
eight-cell stage

o

[ Embryos receiving one transferred pronucleus
[J Embryos receiving two transferred pronuclei
B Unmanipulated abnormally fertilized zygotes




Pronuclear transfer: proof of principle

Unfertilised oocyte Fertilised zygote

nucleus pronuclei

Patient

—_> —>
oocyte Average
,f level of
MtDNA
pronuclei Ca rryove r
nucleus
<2%
Donor > —_—
oocyte I”

PNT has the potential to prevent transmission of mtDNA disease in humans



Pronuclear transfer: preclinical study

a  Completion of meiosis 1! mitotic cell cycle ’
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Good quality embryos that are likely to result in a
pregnancy

Low levels of mtDNA carryover (<2%)

mtDNA carryover increased over time in a limited
number of stem cell lines

Hyslop et al, 2016



Pronuclear transfer: preclinical study

a  Completion of meiosis 1! mitotic cell cycle
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Mitochondrial donation can reduce the risk of
mtDNA disease but may not guarantee prevention

Mitochondrial donation should be offered in
combination with prenatal testing

Hyslop et al, 2016



Mitochondrial Donation: changing policy
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Mitochondrial Donation: scientific review

@

Scientific review of the safety and
Human o o
Fortlisationt efficacy of methods to avoid
Eml:‘ryqlogy mitochondrial disease through
Altionty assisted conception: 2016 update

* It is appropriate to offer mitochondrial donation to carefully selected patients when
preimplantation genetic diagnosis (PGD) would not be suitable

* Patients who become pregnant following the use of mitochondrial donation
should be offered prenatal testing

* All patients should be encouraged to participate in long-term follow-up of
children born from the use of mitochondrial donation



Mitochondrial Donation: changing policy

December 2016 March 2017

HFEA permits cautious use of HFEA statement on

mitochondrial donation in tochondrial d ;
treatment, following advice mirochondrial donarion

from scientific experts

Read our statement as we approve the first application by
the Human Eertllisation and Embry°l°9Y. A""h""? Newcastle Fertility at Life for the use of mitochondrial
(HFEA) has today approved the use of mitochondrial

donation in certain, specific cases. donation to treat pqﬁenfs.



Mitochondrial Reproductive Advice Clinic

*Risks of inheritance

*Fitness for pregnancy
*Reproductive history questionnaire
*Reproductive options

e Care of mother through pregnancy

*Psychological support




The Pathway

Mitochondrial

Reproductive Advice

Clinic

Mitochondrial

Reproductive Optlans
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