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Mitochondrial DNA (mtDNA)
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Mitochondrial DNA (mtDNA)

ey High copy number (100-1000s
genomes/cell)
Maternally-inherited




Mitochondrial DNA (mtDNA) mutations
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Non-Neurological Neurological
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Incidence of mtDNA
disease

1 in 10,000 clinically
affected plus 1 in 6000 at
risk

Approximately 1 in 4000 in
total




MtDNA point mutation: m.1555A>G

Incidence in population
1in 500

M.1555A>G

Causes hearing loss, especially
after exposure to aminoglycoside
antibiotics



983 patients seen 2009
587 in Newcastle
301 in London + 104 in Oxford

National
Commissioning




In 2009, 24,000
Histochemical, biochemical
and genetic tests

Equitableaccess to care

National
Commissioning




Mitochondrial DNA Diseases

Treat the treatable
A Ophthalmoplegia )
A Epilepsy (not valproate)
A Migraine
A Deafness > Multidisciplinary
A Diabetes clinics
A Cardiac problems
A Respiratory failure
A Dysphagia _J




Mitochondrial DNA (mtDNA)

teay  High copy number (100-1000s
genomes/cell)
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Strict maternal inheritance



How do we explain the variability?
Bottleneck

- v -




Treatment

Options for mothers with mtDNA
mutations

A Counselling

AOvum donation

APrenatal diagnosis

APreimplantation genetic diagnosis
APronuclear/metaphase 1l spindle transfer
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Reason for prenatal testing
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Preimplantation genetic diagnosis

IVF and embryo biopsy

Newcastle and Oxford

Antenatal and 1 PGD in next 4 weeks
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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 Sunderland,
tells new! how she’s coped
with the loss of six babies.

“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 happiest day of my life.
Instead, I 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 to
be a mother and didn’t
hesitate to try again.

“A couple of years later, in
1984, I gave birth to another

Sharon Bernardi tells
new! about the curse
that has robbed her
of Six chlldren

taking every day as it comes; Holly; Caroline; Olivia

‘ Clockwise from top: Sharon, Edward and Neil are

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

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

“T'hree years later, in 1987,
I 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, I took as a positive
sign - it meant my baby was
still alive. But 30 hours
after the birth, the doctor’s

1ootsteps came - and $0

did the news I 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. I was the fourth
- the lucky one. It made me
wonder if it was something
I 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,
born two years later in 1989,
would be that survivor. He
was terribly poorly and 1
| 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 born, I 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
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ve lost Six newborn
babies’

a lack of muscle control

and breathing, and heart
problems. It was likely that
my mum had passed the
abnormal gene on 10 me

and as a carrier, I 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 learned that although there
was no cure, Leigh's disease
could be managed by diet
and medication. The disease
has limited Edward’s quality
of life - he is confined to a
wheelchair and suffers with
epilepsy. But he was a happy
child with lots of friends and
a great sense of humour.

I'Heave hospital @Xhausted, with
110 hahy to show for it - instead,
I'd have a fuineral o arrange

I feel sad that Edward nevr

“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 [ could have
another baby that would
survive. I was aware of the
risks, but I wanted 1o try for
more children. I had Holly
in 1991 and Olivia in 1995,
but neither survived.

“In 1996, I 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, I 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.

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. I 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 dowm
- because of Edward. I need
to be strong for him, and it's
important that he enjoys a
good quality of life. If it gets
too much or I feel upset,

T'll deal with it privately.

“Of course, sometimes I
wish I'd had another child
or that I could make Edward
perfectly healthy - but I
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
appreciate 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 to 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 so, as a male he won't
pass on the condition -
and we will finally have
broken the family curse.” @
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Stages of oocyte maturation

Maturation

Metaphase | egg Metaphase Il egg  Fertilised oocyte

Immature; germinal Immature; no Mature; 15t I! 2nd polar body

vesicle visible germinal vesicle polar body extruded and 2
or polar body extruded *  pronuclei visible
visible

Fertilisation



Stages of embryo development

2-cell stage 8-cell stage
(day 2) (day 2) (day 3)

Morula Blastocyst Hatching blastocyst
(day 4) (day 5) (day 5)
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Pronuclear transfer

w Chromosomes enclosed by a g
clearly visible nuclear envelope @ =

w Proven to be compatible with

development In miceveirelles &
Smith, 1997; Browet al, 2006)

w Proven to prevent transmission

of a mtDNA deletion in mic8ato
et al, Proc Natl Acad S@005)




Pronuclear transfer

Monopronucleate Tripronucleate

Abnormal
pronuclear
embryos

Not used for fertility treatments

Limited development tend to arrest around the -8
cell stage

Limited numbers available for researcl 0% of
fertility treatments
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Pronucleus Extraction:
karyoplast removal

Monopronucleate  Pronuclear Enucleated
embryo karyoplast within  monopronucleate
a biopsy pipette embryo









Pronuclear transfer embryos

How much mtDNA carry over?
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