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nmenti oned, of course, is the fact that with
i ncreased maternal age the frequency of aneupl oi dy,
the frequency of chromosomal dysfunctions, as wel
as dysfunctions in the organi zation of the spindle
to which these chronpsonmes are attached actual ly
i ncreases substantially. So, a |large nunber of
oocytes that exist in wonen of advanced
reproductive age will not be rescued by any neans
because the chrompsonmal abnormalities, and
spindl es, structural abnornalities exist and they
will not be fixable.

But in other cases, especially for eggs of
ol der wonen, they | ook entirely normal and they
really are indistinguishable from oocytes of
younger wonen. But in |arge neasure, whatever has
happened prior to this egg neeting sperm which
this particular egg has not, things have happened
to this egg which largely determine its conpetence,
and it is the question of whether cytoplasm
transfer or other procedures actually will be able
to rescue whatever insults have been inposed on an
egg prior to its neeting with the sperm

This slide just shows exanpl es of an egg.
Here is a two-cell enbryo, starting off perfectly

normal except this has nultiple nuclei. One of the
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features that night be of interest to sone in this
case, because the issues of chronmpbsomal segregation
and additional chronmosomal additions from
cytoplasmc transfer came up, is the fact that the
early human enbryo, especially at the one- and
two-cell stage, has unique capacity actually to
encapsul at e i ndi vidual chronmpbsones in a nucl ear
menbrane. So, you can get multiple nuclei that
occur in these enbryos, some of which you can show
have one or two chronosones and ot hers have nore,
but these eggs tend to be devel opnental ly I ethal
So the ectopic transnission of the chronmpbsone may
or may not be an inportant issue in cytoplasnic
transfer.

This slide shows an exanple of an enbryo
whi ch, as you have heard, is fragnented. You can
see sonme fragments here. The severity differs
bet ween enbryos within the same cohort so you can
have 12 or 15 enbryos. Sone of them have nuch nore
ext ensi ve fragnentation, sone have none. So, it is
an enbryo-specific event. Sone patients have al
their enbryos fragment like this, which is
relatively rare, but it is common to see
fragmentation of this sort.

The problemis, is this rescuable? Is it
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a problemin terms of the ability of the enbryo to
i npl ant? Here again, as Jacques nentioned and
ot hers have shown, in fact the fragnentation
patterns seen at a static inmmge such as a four-cel
stage can change.

So, enbryos that had this fragnentation
that | ooked relatively severe early, in fact, go to
t he bl astocyst and hatch and, in fact, inplant. |
don't show baby pictures but | do show enbryo
pictures, and this is a little girl that was born
about two years ago.

So, we have the situation where we can see
dysnor phol ogi es and sone nay be of clinica
significance and others are not. There is recent
wor k that shows that some types of patterns of
fragmentation are transient; that they exist in one
stage and later on in devel opment seemto
di sappear. So, it is not clear whether subjective
criteria looking at enbryos is actually predictive
of competence. |In sonme cases, obviously, if there
are no cells left that is a problem

So, you have to look in terns of sort of
t he nol ecul ar nechani sns that take place in eggs
where their conmpetence may be affected by

i nfl uences that they have experienced.
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This slide tells us a little sonething
about eggs in terns of mtochondria. What you see
here is a pronucl ear hunan egg. These are the two
nuclei and these little dots here are mitochondria.
| always grew up with the notion that, in fact, the
nunber of nitochondria in human eggs was about
150, 000, although that is not based on any
nmor phonetric anal ysis but that is about the right
nunber. Al these dots here are, in fact, what we
are tal king about, mtochondria.

One of the interesting things about
nm tochondria both in the human and in the nouse,
and in other systens as well, is the fact that
their distribution is not static, that during
di fferent stages of oocyte maturation, especially
before the egg conmes out of the follicle as well as
during enbryogenesis, there is a ot of spatial
renodeling of the cytoplasm These mitochondria
can nmove around and have different |ocations and
di fferent positions based on what the cell is
doi ng.

If we ook at this slide, it gives you an
exanpl e of mtochondria in human at the el ectron
m croscope level. These guys here, the little dots

are at the surface of the cell. 1t is upside down
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but here are the mtochondria. They are fairly
unusual when conpared to somatic cell mtochondria.
These are rel atively undevel oped. They are not in
a dormant state but devel opnentally and in terns of
their differentiation they are in a nore primtive
state. But they do nmove around. During oogenesis
for exanple, in the nouse and ot her rodents they

m grate around the nucleus. You can barely see
that here but they do. They forminteresting
patterns that extend fromthe plasna nmenbrane down
to the nucl ear nmenbrane, shown here, al nost arrays
whi ch we and ot hers have suggested may be inmportant
in certain signal transduction pathways. So, they
are unusual. Their distribution is not static, and
t hey undergo renodeling as the enbryo and oocyte
progress.

This slide shows this a little nore here,
nm tochondria at higher nmagnifications, a two-cell
enbryo in the human. Their spherical structure is
about half a micron in dianmeter, and they remin
this way in a pretty undevel oped state until fairly
late in the pre-inplantation period as the enbryo
becomes a bl astocyst. Sone of these then will
start to change into the nore orthodox

configuration that one sees in sonatic cells, but
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these are really unique structures.

This slide just shows sone rearrangenents
that occur fairly rapidly during oocyte maturation
This is a nouse oocyte that is stained, the
m tochondria are stained with a mitochondri al
specific fluorescent probe, and what happens is
that as the oocyte natures, in this case in vitro,
m tochondria transl ocate and nove around towards
the center of the cell around the nuclear region to
forma very conpact structure here. Then, during
the first mosis they start to redistribute
t hensel ves and they go back to a nore or |ess
uniformdistribution at nmetaphase I, which is when
t he oocyte is ovul at ed.

These are dynanic structures. They are
dynamic in their orientation and organization, and
t hey undergo spatial renodeling as eggs and enbryos
divide. This is maybe actually an inportant
feature in determ nants of the oocyte's conpetence
while the oocyte is still in the ovary. |In other
wor ds, how t hese organelles are | ocated and
distributed nay actually be fairly inportant.

Their distribution, shown in this slide,
is directed by mcrotubules in nmany species, in

this case the npbuse, and you can see this is the
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central region where chronbpsones are maturing
oocytes are fornming. These are mtochondria that
have transl ocated from around the cytopl asm towards
this rimor ring of mtochondria around the nucl ear
region. Here are microtubules and the

m tochondria, we think, migrate as in other cells
and are transl ocated al ong m crotubul ar paths. So,
t he organi zation of the cytoplasmin terns of its
m cr ot ubul ar organi zation may, in fact, be a very

i mportant determ nant of how mitochondria are

di stributed, and whether the distribution of

nm tochondria in space and tine, in fact, turns out
to be determ nant of conpetence.

This slide shows another exanple of
presuned mtochondrial function, and this has to do
with energy. W have heard, and it is true, that
energy may not be a critical conmponent of
conpet ence because it is clear that while you have
nmutations in respiratory mtochondria the enbryos
develop quite nornmally, otherw se they wouldn't be
i ndividuals that carry this particular respiratory
nutations in their mtochondria.

In this type of experiment, what we did in
t he mouse was to knock down mitochondri al

respiration substantially and we found that you
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could reduce nmitochondrial respiration by about 60
percent and still get the eggs to mature nornally.
They fertilize in vitro, but what is interesting
about this particular experinent is the fact that
when these enbryos reach pre-inplantation stages
they start to die off. This may or may not be a

m tochondrial effect. 1t may be a downstream toxic
effect of this treatnent which was done days before
at the oocyte level. But the point is that we were
able to establish here that, in fact, there was a
downst ream consequence during enbryogenesis, early
enbryogenesi s of knocking down respiration at the
begi nnings of maturation in vitro which is, in this
case the gernminal vesicle stage.

Thi s experinent showed that at zero hours
in culture knocking down mtochondrial respiration
actually had no effect on maturation, which is what
woul d occur in the ovary prior to ovul ation
fertilization cleavage but did progressively have
effects on the enbryo's ability to develop to the
bl ast ocyst stage and inplant. So, it was an effect
that was actually seen four or five days |later

In the case of the hunman, one of the
proposed effects of mtochondria and why woul d

m tochondrial transfer or cytoplasnic transfer if
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it involves mtochondria be beneficial? One is ATP
generation during pre-conpaction stages seens to be
respiratorily driven rather than driven by
glycolysis. So, the early stages seemto be
requiring sone level of mitochondrial input. It is
not clear in the human whet her glycolysis in the
presence of mtochondrial defects that affect
respiration can be up-regulated to supply enough
ATP.

O course, mtochondrial replication
begins after inplantation. So the putative effects
of mitochondrial dysfunctions that have been
suggest ed, not proven yet but suggested for early
human devel opnent which may be rescuable is
cytochrome C release if perhaps the nitochondria
are damaged resulting in apoptosis; reactive oxygen
speci es generation which nmay be a toxic effect from
m t ochondri al dysfunction of sone sort that hasn't
been identified; or |ow ATP production from
nmet abolically inconpetent nitochondria. These have
been proposed but not clearly identified.

This slide suggests sonething that is
really quite interesting. This asks the basic
guestion. As | said, | always grew up with the

notion that there were about 150,000 mitochondria
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and a nunber of years ago we approached this
problem for actually conpletely different reasons,
| ooki ng at the question of how nany m tochondri al
DNA copies were present and we | ooked at a
particul ar mitochondrial gene at that time using
PCR, and we had quite a few oocytes fromgift
procedures that were left over. One of the things
that we saw and tried to quantitate is that the
nunber of copies of this participant mtochondri al
gene, in fact, ranged from about 30,000 upwards
to--1 don't renenber the actual nunber but

sonet hing |i ke 400,000 or 500,000. W were seeing
variations in the nunber of nitochondrial DNA

copi es per oocyte within the same patient.

In that particular situation, what we were

seeing is al nbst an order of magnitude difference
in the number of mtochondrial DNA copies in
oocytes fromthe same patient. W never did
anything with this data because, actually, | sinply
didn't believe it. 1 didn't believe that you could
get that variability.

But recently work has cone out froma
nunber of groups, including Jacques Cohen and
ot hers, who have | ooked at the number of

m t ochondri al DNA copies, and the nunber is about
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20,000 to over 600,000, 700,000. Now, does that
nmean that an oocyte that |ooks the same, that you
cannot distinguish at the |ight mcroscope |evel,
one fromthe other, that in one case you have
20,000 nmitochondria if there is one mtochondri al
DNA copy per egg all the way up to 800, 000? Which
is a problem because if that is the case, then if
there is one mtochondrial DNA copy per

m tochondria you are dealing with eggs that |ook
identical at the light microscope |evel fromthe
same patient, whether it is a patient or a donor
where the nunber of mitochondria can differ by an
order of nmagnitude?

If that is the case, then going into an
egg with a pipet and removi ng cytopl asm coul d be
probl emati c because you cannot nake the assunption
that the nunber of mitochondria that are being
transferred are the sane. In other words, from egg
to egg or frompatient to patient. That is a rea
i ssue and that has to be addressed.

So, it looks like the nunmber of
m tochondria, in fact, seemto vary, at |east
nm t ochondri al DNA copy number al nost by an order of
magni t ude and that is not predictable by any

nor phol ogy or by any |ight mnicroscopic inspection
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So, this is a problem potentially. It is
surprising in the human, but it nay not be so
surprising as | will show you in the next slide.

This slide basically shows a picture of an
egg, and this is just stained for mitochondria and,
again, here we see sone interesting differences.

In this particular egg, and these eggs are fromthe
same patient, pretty much the fluorescence is
uniformy distributed, very little in this case in
the polar body but pretty well uniformy

di stributed, and we can quantitate and do all sorts
of interesting neasurenents about the fluorescence
intensity and correlate this with mtochondri al
nunbers, the point being that here is one egg that

i s stained.

The next egg fromthat same patient shows
sonething a little bit different. This is not an
artifact of the procedure or the staining. These
are live eggs. Wiat has happened here is that, in
fact, there are regions of this particular
cytopl asm where nmitochondria are absent. This is
sonet hing that we consistently see | ooking at eggs,
that you have regional differentiation and regiona
speci ali zation of mtochondrial distributions that

are not predicted by any other neans, other than
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this. So, you cannot say that going into this
particul ar region of the cytoplasmw Il produce an
equi val ent nunber going into this region of the
cytoplasm So, now we have the further conplexity
of having perhaps a difference in an order of
magni t ude or certainly mtochondrial DNA numbers
and now we have regional specializations in terns
of distribution within the cytoplasmthat is not
predi cted by just |ooking at norphol ogy.

This slide shows another exanple of this
where, in fact, the relative fluorescence intensity
is quite reduced. So, there may be sonmething to
correlating fluorescence intensity by this nethod
and m tochondrial DNA numbers, except that in order
to do that you have to destroy the egg, which neans
it is not very useful other than for experinental
pur poses.

This slide shows sonethi ng about energy
distributions in human eggs. This is sone old data
that we published a nunber of years ago. It sinmply
asks a basic question, what is the ATP content of
eggs in the sanme cohort? A very sinple-mnded
qguestion. Just look at the distribution. It is
quite remarkable. These are eggs that were gotten

by stinmulation for IVF in the sanme way we normal |y
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do it, and the distribution was over an order of
magni t ude. Again, this was one of these puzzling
findi ngs, except that in ternms of outcome, when we
had eggs that were left over, excess donated, that
were in the high range of ATP content, those tended
to be the wonmen that got pregnant from enbryos that
were transferred in their cycles. Those that had a
preponderance of | ow ATP content eggs, when we
transferred their enbryos, even though they were
nor phol ogically identical to ones from high ATP
cohorts, in fact they rarely got pregnant.

So, here you have a spectrum of an order
of magnitude difference in ATP content, and both
di fferences within cohorts and between cohorts of
patients. So, in this case we now have the
conpl exity of saying we now know that not only do
we have a huge variability in mitochondrial DNA
content, we nmay have a mitochondrial nunbers
variability in terms of how actual nitochondria are
in an egg, which is not detectable just by |ooking
at it, and now we have energy differences that may
be related either to nmitochondria nunbers or to
sonething else that is going on in these particul ar
cells.

So, it is not just sinple to say that, in
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fact, when you have a nitochondrial basis for
certain types of infertility that, in fact, it is
related strictly to mitochondria because there are
too many conpl ex, confounding issues with
nm tochondria al one that are inportant.

This slide just sort of summarizes this.
The size of the mitochondrial conplenent, how nmany
mtochondria really are there? W really don't
know how mitochondria there are in human oocyte.
The variability in mitochondrial DNA content is
i mportant, but how does it relate to the size of
the conplenment? And, is the size of the conpl ement
actually inmportant? Differential spatial
distribution at the pronuclear state, and | wll
talk a little bit about that, and disproportionate
i nheritance during cl eavage, which is another issue
in terms of how we understand the rel ationship
bet ween mitochondria, if any, and devel opnent.

This is shown on this slide. | think I
Wi ll just pass this one up. Here, we started
| ooki ng at how mi tochondria are spatial distributed
within the egg and in the early enmbryo. This is
one of the earlier pictures that we have seen from
| ooki ng at an analysis of the mitochondri al

distribution. Here are the two pronuclei, one here
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and one there. Here is the mitochondria around it.
What you see here is the relative intensity of how
many nitochondria are present, but what is
particularly interesting about this guy is the fact
that the nitochondria are asymetrically
distributed in the pronuclear stage. This is just
before cell division.

So, we followed this along in quite a few
enbryos fromthe pronucl ear stage onward. | will
just summarize the results. This basically says
that you have symetrical and asymretrica
di stributions. Here are nitochondria around the
pronuclei fromthe one-cell stage, in a cross
section. The point being that the segregation, at
| east the inheritance of the mitochondria at the
one-cell stage, the pattern or the spatial
distribution at the one-cell stage determ nes in
| arge nmeasure the proportion of mitochondria that
are distributed at the first cell division in the
human.

So, we follow this along and we see
enbryos that have fairly good and equi val ent
segregation, others where the segregation is
di sproportionate. W can do this both by | ooking

at mitochondrial DNA copy nunbers as well as by
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nmet abol i sm

Just to show you sone exanpl es of that,
here you have rel atively unusual segregation
Again, all of these were first exam ned at the
pronucl ear stage, the one-cell stage, and then
subsequently. Wat we found is that you can have
different distributions. For exanple, a nornal
appeari ng enbryo, absolutely normal appearing, can
have sone cells where you have rel atively high
relatively noderate and relatively |ow inheritance.
We can, again, quantify this in a nunber of ways
reflect the intensity of fluorescence. At the
eight-cell stage in perfectly nornmal enbryo you
have sone cells that have relatively few
m tochondria, others that have inherited quite a

f ew.

The consequence of this is that cells that

have under-representation of mtochondria tend to
die. They tend to divide nore slowy, which may be
what Jacques Cohen described as the slowly dividing
enbryos but, nevertheless, if there are enough
cells that have inherited a fairly reasonabl e
amount or close to normal amunts, the enbryo is
still conpetent.

So here, just the organization of
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m tochondria and their distribution can have
prof ound effects on enbryo devel opnent and
conpetence, and that is shown on this slide, where
you have, for exanple, blastoneres of an eight-cel
stage, where you have nitochondria that are
relatively evenly distributed. So, here we have
relatively normal, even distribution

This slide shows exanpl es where that
distribution actually is quite asymmetric, again,
traceabl e back to the one-cell stage |eaving
several cells that are deficient. These cells
eventual ly lyse and di sappear. Oher cells that
are deficient, such as this one, sinply don't
di vide again and remain in that position

So, not only do we have the situation
where we have differences in mitochondrial nunber
initially present in the oocyte, but now we al so
have the complexity of how these mitochondria are
distributed at cell division, which is not
necessarily uniform It is not an equival ent
di stribution.

This slide just sinmply shows the basis of
this, and we think a lot of this has to do with
m crotubul es. These are mitochondria that you can

see. Most eggs and enbryos will slide along
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m crotubular tracks. It is the position of the
m crot ubul es and their organization, both at the
one-cell level and multi-cell level, that we think
determ nes the proportion or uni queness of
segregation whether it is even or disproportionate
anong bl ast oneres.

This slide is an exanple of what is called
a central zonal defect. \Wat has happened here is
that you normally see nitochondrial clustering
around microtubules. In this case there are no
m cr ot ubul es because he has a central zonal defect
and there is no migration of the mtochondria.

This cones to another point, that | wll
end with, and that has to do with the notion of
cytoplasnmic transfer. W have tal ked about and
publ i shed work on nitochondrial transfusions, going
fromone oocyte to another and | just want to show
you some of the conplications that cone in with
this type of approach to cytoplasnmic transfer
sonet hi ng that needs al so to be consi dered.

In this nethod what we have done, we have
segregated pretty nmuch all the mitochondria into
one conpartment. This was an original oocyte where
you can see one conpartnent here. This contains

DNA and here are the nitochondri a.



© 0 N o o b~ W N P

N NN N NN RBP R R R R B R R R R
O A W N B O © 0 N © 01 A W N KL O

This slide shows a different nethod. Here
is a cytoblast. Here is the nucl eoblast which is
very, very efficient in mtochondria. This is very
heavy. So, we did a nunber of experinents, taking
by mi cropipet, mtochondria fromthis enriched
fraction and asking a very sinple question, what
happened to it.

That is shown in the next series of
slides. Here what you see is the case of putting
nm tochondria that are labeled into a germna
vesi cl e stage oocyte, and this cloud materi al
here, is about five to ten hours after nitochondria
were injected as a bolus, right around here. This
is stained both for mitochondria and nucl ear DNA
This is the nucleus of the gerninal vesicle and
this was, with think, the injected mtochondria.

This is shown in other slides. This slide
shows different variations. Here is an oocyte
injected at an earlier stage of maturation, after
the germinal vesicle. These are the |abeled
m tochondria and, in fact, some of those
m tochondria have gotten quite heavily into the
first polar body. So, this shows that, yes, you
can inject mtochondria and many hours | ater you

can detect themand they seemto be pretty well
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segregated or at |east spatially oriented in a sort
of uni form manner, except it again is egg specific.

So, if we look at this slide, it just
shows anot her exanpl e where nitochondria were
placed in the center of the egg. These are stained
nm tochondria so the resident mitochondria are not
visible. In this case, here is a polar body but
there was virtually no detectable segregation of
m tochondria into this polar body. So, sometines
they are lost; sonetinmes they are not. But in nost
cases they seemto sort of evenly distribute when
injected early in the maturati on phase, that is,
wel | before the tine that we woul d consi der doing
this in the human, which is after ovul ati on where
the egg is mature.

Now, if we inject mature eggs, here is the
i ssue. These are metaphase Il eggs. 1In this case,
what has been done is to inject nmitochondria in
di fferent places, here, here and here, and watch
what happens. In fact, in sone cases the
mtochondria sinply stay in one position. There is
no spatial renodeling or redistribution. If we
activate these eggs, not by fertilization but so
that they divide, in fact, the segregation is

entirely asymmetric. One cell will have a fairly
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substantial, disproportionately high distribution
of the injected mitochondria, others will not.

Here is another exanple of this. Here you
can see three zones of mitochondria that were
injected at the nmetaphase Il stage and they stayed
in place. They did not nove in this particular
egg.

Thi s shows anot her exanpl e where actually
they did nove. Here we put mitochondria in the
center and a little bit later there were, in fact,
alot in the center but they had actually migrated
to the cortex of the egg as well

This slide shows another pattern where
they were injected in the subcortical |ocation and
pretty nuch stayed there. Again, when you activate
t hese eggs you get unequal segregation. W have
not yet seen in any of our eggs that we have
exam ned by this nethod of injection equival ent
segregation. It is all asymetrical, which is a
problemin ternms of how mitochondria may, in fact,
find their way into one-cell |ineage or placenta or
perhaps different tissues in the fetus.

| just want to end, if |I have two nore
m nutes, and | just want to tal k about one

potential other function of mtochondria early in
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devel opnent that has very little to do with
nmet abolism This has to do with the notion of
i nvol venent in calciumsignaling or in ionic
si gnal i ng.

This is a human egg that is stained with a
probe that picks up mtochondria that are high
pol ari zed. These are mitochondria that have a high
menbrane potential. W think these are actively
involved in other cells in calciumsignaling. Wat
you are seeing here are these little dots or the
hi gh pol ari zed m tochondria. They are at the
cortex. \Wat we think happens is that at
fertilization these nmitochondria participate in an
i mportant way in cal cium nodul ation

Shown in this slide is that when we
actual ly activate these eggs, in fact you get a
very early cal ci um di scharge which we have now been
able to show cones fromthose nitochondria. W
think this discharge is actually very inmportant in
terns of subsequent signal transduction pathways
that occur later on in devel opnent, which are
required for normal gene activation and nornal
devel opnent .

This slide shows an exanple--well, you

can't see it but there are very few asynmetric high
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pol ari zed mitochondria. When we activate this egg,
we see the follow ng, which sinmply shows that, in
fact, the signaling is restricted to one part of
t he egg.

This slide shows where, in fact, there are
no detectable, in the egg, high polarized
m tochondria. They are only found in the polar
body. When we activate these eggs we get nothing.

So, in addition to netabolic and in
addition to other functions that these mitochondria
may have, they al so appear to be involved in early
events in cal cium signaling which we think actually
turn out to be inportant in setting up the right
signaling transducti on pathways in the cytoplasm as
the egg and enbryo develops. It is an influence on
the nornmality of developnent. So, there are a
nunber of different functions that these organelles
are involved in, other perhaps than netabolic,
which are inportant in conpetence determ nation
Thank you.

Question and Answer

DR. SALOMON: Thank you very nuch for a
very interesting topic. W should have a
di scussion of sort of mtochondria per se for a few

mnutes. As a scientist, | have fifty questions
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here that are just about mtochondria, but you
don't need to waste your valuable tinme answering
those. It is obviously a fascinating area.

There are a nunber of questions that
specifically relate to the issues on the table
today. So, just to kind of start, one of the
things | heard was that this is pretty safe because
there is a very high threshold for dysfunctiona
m tochondria and that would be a safety feature. |
amjust trying to get little key things here, but
that is something | got.

DR. SHOUBRIDGE: Yes, | think that is
true. The other safety feature in the animal
experiments that we have, we really haven't seen
any evidence that the aninals are sick in any way.
W haven't done careful studies in
hi st opat hol ogi cal things, behavioral tests or
anyt hi ng, but we have had this colony since 1995, a
colony of heteroplasnic animals, and done all these
ki nds of different genetic experinents and
di fferent back crosses or half a dozen other
nucl ear backgrounds and we have really never seen
anyt hi ng unusual. | mean, we haven't been | ooking
for it either so we haven't done a careful analysis

but the mce | ook pretty nornal
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DR. SALOMON: Good.

DR. CASPER: Fromthe other point of view
then, it was suggested earlier this norning that
you mght be able to treat nitochondrial diseases
by mitochondrial transfer. In view of the
stochastic segregation that happens, is that
possi ble to actually happen from generation to
generation, or would it only be feasible in the
actual injected of fspring?

DR SHOUBRIDGE: | amnot quite sure
understand the question. The transmission is
stochastic so if you look, for instance, at the
di stribution of nmutant mitochondrial DNA in the
ovary of the woman where about 50 or 60 oocytes are
avai | abl e, some of them have no mtochondrial DNA
mutations at all. So, in that case, | think if you
were going to treat the di sease, the best option
woul d be to look for an oocyte that didn't have any
m tochondrial DNA nutations at all. |If you were to
conpletely renove that cytoplasm and then put in
donor cytoplasm the prediction would be that to
the extent that you left the recipient cytoplasmin
there you woul d get the same kind of stochastic
transm ssion to the next generation. But having

taken out nobst of it, the chances are that the
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child, if it developed in that egg, would have
nostly donor nitochondrial DNA and not very nany
frommom but in the next generation in the female
that woul d segregate.

DR. CASPER: In other words, if you had an
enbryo that would be heteroplasnmic with a nmutation
as well as normal mtochondrial DNA, you could
change the threshold by putting in nore nornal
mtochondria. |Is that right?

DR. SHOUBRI DGE: Probably, yes. It is
sinmply stochastic; it is a nunbers gane so you can
treat this as a bowl of marbles, black and white
mar bl es. The sanple size with determine the rate
of segregation. So, if you actually do the
statistic, you can calculate in the nice under a
particul ar nodel the effective nunber of
segregating units as about 200 in the next
generation, and you can figure out, given the
sanpl e size of 200, that you would get
distributions like | showed you.

DR. MIULLIGAN: On that point, if you had
di seased mitochondria that behaves |ike whatever
t he nmouse strain, wouldn't that be a way of
actual ly pronoting di sease because you woul d

actually over a time course--1 nmean, if you were so
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unl ucky that the diseased nitochondria also had the
same property that is the property that allows you
to selectively reconstitute cells, wouldn't that be
a way to anplify that?

DR SHOUBRI DGE: Absolutely, and that is
probably what happens in many of the di seases,
probably not all, but there is pretty good evi dence
for directional increases in the nutant
m tochondrial DNAs in many diseases, in muscle
tissue for instance. The idea there is that the
nmuscle cell is continuously reading out the
oxi dati ve phosphoryl ation capacity. So, if you
deci ded you wanted to be a marathon runner
tonorr ow - maybe you are today, | don't know -but if
you wanted to be, you can up-regul ate the nunber of
m tochondria in your post-nitotic nuscle cells. W
don't really understand the nature of the signals
that are involved in that pathway. Then, if you
decide you don't want to run a race it will go
down.

The thinking is, at least my thinking on
this is that the selection of that occurs at the
| evel of organelles. So, sone signals are given at
t he organelles and that somehow feeds back to the

nucl eus. Factors are produced to give you nore
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m tochondria. |If you now have an organell e that
has mutant mnitochondrial DNA the same signals go
back. It looks |Iike overworked mitochondria. It
| ooks like it is running a marathon. In fact, it
is just the mutation. The nucl eus doesn't know
that. Wat it does is make nore of those guys and
so it nakes nore of the bad ones. So, there is
kind of a positive feedback loop. It doesn't seem
to happen in the context of every nmutation so it
isn't a conpletely general phenonenon, but it
certainly could be a problem

DR. MIULLIGAN: In this concept of |oading
with an excess of certain type, what is the role of
the decay of the existing mtochondria? That is,
in principle, there is a conpetition and there is a
fixed nunmber of mtochondria that should be in this
particul ar kind of cell, then whatever deternines
t hat number presumably influences the decay
characteristics of the mitochondria. So, if the
cell only usually has X nunmber and you put in 10 X,
presumably for it to refix itself there has to be
| oss of some mitochondria.

DR SHOUBRIDGE: Nothing, virtually
not hing i s known about nitochondrial turnover.

DR. SCHON: Maybe the definition of the
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word mtochondria needs to be expanded a little.
What we do know is that cells control the nmass of
m tochondrial DNA. That is what is being
regulated, and it is controlled rather well. The
nunber of organelles that enclose those DNAs is
what we don't know. But since it is a conpletely
dynam c system at two o'clock in the afternoon you
can have a thousand organelles and at 3:30 you
could have two hundred nerely because they are
fusing and then they are repartitioning. So, it
may not be that useful for this discussion to talk
about organelles per se, although | agree 100
percent, | think selection is at the |level of the
organell e, not at the level of the DNA

| would like to anplify a little bit about
the tissue specificity. Bioenergetics probably
play sone role in the distribution and the
anplification but it can't be everything, and
will give you two exanpl es.

There is a di sease caused by del eti ons of
m tochondrial DNA. Invariably the deletions pile
up, anong other places besides nuscle, in the
choroid plexus of the brain and in the dentate
nucl eus of the cerebellumnore than they do in,

let's say, in the epitheliumof the ventricles, and
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we have no idea why that is but there is
predilection. There is sone signal that is going
back and forth that is operating. It is hard to
see how it is operating at the | evel of the genone
but it is a genome-specific effect.

DR. SHOUBRIDGE: There is one thing to
add. Even though it is true in cells in culture
that the regulating mitochondrial DNA mass seens to
be the signal, but obviously it is not happening in
pat hol ogy because there is dysregulation in nuscle
cells. There can be 50 or 100 tines nore
m tochondrial DNAs in a segnment of a muscle fiber
than normal. So, there is sone feedback that is
due to the presence of the nutation, presumably,
whi ch dysregul ates that.

DR. MJLLI GAN:  When the DNA repli cates,
what is the organelle's status?

DR. SCHON: | am not understanding the
guestion really.

DR. MJULLI GAN: Does the DNA replicate
within an otherwi se intact organelle? O, is it
conprom sed or changed in shape in sone fashion?

DR. SCHON: W don't know anyt hi ng about
it. It just happens.

DR. SALOMON: Renenber, what | want to
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focus you guys on is what about all of this relates
back to the safety and to the kinds of biol ogical
guestions that these guys in the IVF field are
going to face in developing an IND? | think they
will be happy to say that they will screen patient
donors for mtochondrial disease, which they have
admtted they haven't done up until now, but if
they do that, then one is assuning we are
transferring normal mitochondria and, therefore, if
they add that one little piece it seens |ike they
will substantially renpove this as a safety issue,
and the fact that there is this high threshold
anyway woul d seemto even enhance that.

So, that is all good news for themin
terns of safety issues. Wat | want to nake sure
though is, as we go around here, that there aren't
ot her issues that they need to address.

DR. VAN BLERKOM So, mmybe the first
guestion is, fromwhat we have heard so far, is
there any evidence that mitochondria are rescuing
these eggs to begin wth?

DR. SALOMON: Right. | was listening to
you and the one question | wote down, and | am
going to put it to you now-1 wote down first any

speci fic neasure of oocyte mitochondrial function
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t hat conpares good or normal oocytes to those from
infertile females. You then |launched into an ATP
content slide and made one coment, which | thought
was at least partially addressing this, and that is
that there seens to be sone correlation. Now, how
much of that was hand wavi ng and how much of that
was stuff that would really stand up to statistica
anal ysi s?

DR. VAN BLERKOM First of all, that was
published stuff and it was actually statistically
anal yzed so it wasn't hand waving. But the point
is that at the time it was done there was a
relatively limted nunber of patients. W had 30
or 40 in that group. But there was no explanation
for why those differences exi sted because, again,
these were analyzed at the sane tinme, fromthe sane
patients, so there was no culture artifact or
anyt hi ng of that sort.

Now, with the notion that you have
di fferences in nitochondrial DNA copy numbers that
can be an order of magnitude, the question then
cones are the ones that are the | ow ATP producers
| ow ATP because they had, for some reason
i nherited a | ow nunber of nitochondria? What the

net abol i ¢ experiment showed was that, in fact, to

233



© 0 N o o b~ W N P

N NN N NN RBP R R R R B R R R R
O A W N B O © 0 N © 01 A W N KL O

234

make an egg and to nake an enbryo you don't need a
ot of mitochondria, functional nitochondria. It
may be that at |ater stages at sone point you do,
but the nunber of nmitochondria that are being
injected is so small, and since they are not
replicating, it is hard to imagine that if you are
starting out with an egg that is below a certain
threshold to get a nornmal enbryo through the first
four or five days of devel opnment you need 150, 000
and you put an extra 10,000 in, it is hard to
i magi ne that that is going to make a difference.

So, nurerically it doesn't make sense.
think there are eggs that fall away in terms of
natural devel opnental failure, perhaps their
i nheritance of mtochondria is very |ow for
what ever reason. But, you see, those are gone
anyway. They are not going to be rescued.

DR. SALOMON: Can | followup on that?
Actual |y, another question | wote down was j ust
what you said. | amstill confused here. So, the
guestion | wote down is why are there so many
m tochondria in an oocyte, 100,000, as conpared to
a somatic cell--

DR. VAN BLERKOM Because they are

replicating until after inplantation
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DR. SALOMON: So you think they need al
these in order to survive?

DR VAN BLERKOM | nean, that is it. |
nean, all mitochondria cone fromthat. Al the
m tochondria that are present as the cell divides
and parcel ed out come fromthat initial population

DR. SALOMON: So, you think there has to
be this big reservoir of mitochondria and then, as
you go to eight and twelve and so nany cells, you
start distributing around and you get down to what
a normal somatic cell has. So, that is a rea
sinmpl e explanation |like that. Does anyone know
what the function of the 100,000 nitochondria--it
i s obviously not 100,000 tinmes the ATP reservoir of
a somatic cell. Is that right?

DR. VAN BLERKOM Well, they are involved
in APTP product. They seemalso to be involved in
calciumsignaling in the cell. They also seemto
be involved in other functions that are not
necessarily netabolic. They redistribute
t hensel ves, as | showed, in terns of spatial
renodel i ng, presumably for ionic purposes or energy
purposes, early in the division. But you are
dealing with a very big cell. | nean, this is a

100 micron cell. So, | don't know why whoever put
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in 100,000 or whatever mitochondria decided that
was an inportant nunmber, but it probably was an

i mportant nunber in terns of the reservoir that
exists for later on. It is probably an
over-capacity or redundancy in ternms of devel opnment
because you can knock out function for a fairly
substantial proportion of those mtochondria and
the egg still divides.

DR. SCHON: W shouldn't have tunne
vision here. The mitochondria is not synonynous
for ATP production. There are TCA cycles, steroid
oogenesi s, beta oxidation, am no acid synthesis,
and on and on and on, especially steroids for
oocytes. You m ght need 100,000 just to partition
out little nolecules that are inportant for this
egg, and that could be the end of it, and the ATP
goes to sleep because you don't need it until down
the road, and that is the sinple answer.

DR. SALOMON: | guess you guys see where
amgoing with this. | am asking the question how
can you construct a rational series of experinments
even to test the hypothesis that injecting the
extra mtochondria fromthe good eggs into the bad
eggs, if you will allow me to be that sinplistic,

i s doing anything here? You are injecting 10, 000
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to 20,000, but the point is that if you don't know
what it is about the function of 100,000, what do
you measure? So, can we even think of a way to
conpare these, or is this really possible right
now?

DR SCHON: | don't think this is the
venue for experinental design. Having said that,
if you want to test whether ATP production had an
i mpact, there is a line of cells that make no ATP;
they are otherwi se nornal and you can inject those.
It is not an easy experinent but it can be done.
am not sure what you would learn fromsuch a thing
however, to be honest. It goes back to the issue
of what | said before. This is a nulti-Ievel
i nteracting system and checking one at a time my
or may not give an answer, and | don't know how to
interpret it.

DR SHOUBRI DGE: There is an experi nment
you could do but it is an inhibitor experinent, and
they are all inherently dirty, but there are sone
dyes that irreversibly knock out nitochondria, |ike
rhodani ne 6G for instance, so you could treat your
extract with rhodami ne 6G kill the mto's and
i nject the ooplasmand see if you got the sane

rescue. So, | nean, it can be approached this way.
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| prefer to do things genetically because | think
it isalittle tidier, but there are ways to do
that genetically--not ways to do that experiment
but I can think of a ot of genetic experinents
that would test the notion that you need that many.

| personally think, and this nmay be an
extrenme view, that you just need themto parce
themout. So, if you ook at the mtochondria at
the egg |l evel, norphologically the ook Iike
m tochondria in the rozero cells that Eric was
tal ki ng about that have no nitochondrial DNA  They
| ook like inactive or dead mitochondria and | think
it is just a mechanismto hand themout to the
descendants in a system for whatever reason, where
there is no mitochondrial replication

DR. MOOS: A couple of things, just a
qui ck, offhand conment although we are not going to
get into details of experimental design, if we
generate some good ideas for experinents that we
shoul d all be thinking about, that is a great
out come for this neeting.

| too was struck by the ATP slide, not
necessarily because it mght all by itself be
definitive but there is a hint there perhaps of

sonet hing that we can use. So, | am curious
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whet her what was done was sinply to neasure tota
ATP content, or whether P31 NVR to | ook at energy
charge, or techniques to | ook at netabolismeither
have been or night be considered because the other
thing that needs to be kept in nmind is that the
oocyte is not a bag of stuff that is mxed
i sotopically and, indeed, there mght be extrenely
rapi d turnover of nucleotides tightly localized in
particul ar regions that, you know, some
hi gh- power ed anal yti cal biochem stry m ght be used
to address. That would then give us the begi nnings
of something that we can use to | ook at the process
and keep it characterized and controll ed.

DR VAN BLERKOM Can | answer that? That
was total ATP measurenents, but you are right about
m cro-conpartnental i zation of ATP. It turns out to
be really inmportant in terns of cell function, and
| don't know how you woul d actually study that--oh
he does; he is smarter!

The issue is that you want to keep these
things alive and actually do sonmething to them
functionally afterwards rather than just | ooking at
themin static.

DR MOOS: Sure. There are two tiers.

There is the investigative tier and that is
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separate froma QA sort of tier

DR. VAN BLERKOM Ri ght.

DR. SALOMON: Dr. Casper?

DR. CASPER: Comi ng back to the point of
why maybe just injecting 10,000 mnitochondria woul d
be hel pful, fromthe clinical point of view we
have been di scussing patients who nake fragmented
enbryos and trying to rescue those fragmented
enbryos, there is sone data that enmbryo
fragmentation nay be related to apoptosis or
programed cell death sort of issue. W have
actual ly shown that cell death gene transcription
does increase with increasing enbryo fragnentation

Nobody has nentioned so far that
nm tochondria actually have Bcl-2 fanmily menber
proteins associated with them So, one of the
i ssues may well be that we are injecting enough
nm tochondria that we are adding sonme cell death
suppressors, enough to sort of inhibit or
ant agoni ze cell death genes that could be turned on
abnormal ly in some of these enbryos.

DR. SALOMON: That is really interesting.
The problemwith that is that at |east our current
understanding of this is that these are occurring

at the mtochondrial cell surface itself. It would
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be an interesting concept to set up conpetition
with controlling caspase activation at the native
nm tochondria by injecting new mtochondria because
these proteins are not necessarily translocating to
new mtochondria in the process.

DR. CASPER: No, but they woul dn't
translocate. You are putting themin right at the
time of fertilization, so very early on in the
process. It could be controlled by the nucl eus of
the cell. You nmay just have to get the enbryo past
a certain stage so mtochondria can replicate and
make nore of its own protective proteins.

DR. SALOMON: Dr. Naviaux and then Dr.

DR. NAVI AUX: There is a dynanmic interplay
in bioenergetics. There are two ways that the cel
can produce ATP and, because of the interplay where
we started to get some understandi ng of that,
actually in the last century when Pasteur, you
know, defined the suppression of glycolysis by
oxygen and later, around 1927 a bi ocheni st,

Crabtree, defined the suppression of oxidase
phosphoryl ati on by glucose. Traditionally, when
you try to neasure the contributions of glycolytic

and ox phos pathways to overall ATP synthesis, you
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do it under |aboratory conditions of anbient

oxygen, let's say, at 20 percent. But the female
reproductive tract, of course, is one of the npst
anaerobi ¢ environnents in the human body and | ow
oxygen tension actually does alter the relative
contributions of bioenergetics available to the
egg, particularly before inplantati on and the bl ood
supply is established.

There are some early experinents that | ook
at radi ol abel ed glucose and its oxidation to either
|actate of 14-1abeled CO2, and in early enbryos a
very | arge proportion, exceeding 80 percent of the
carbon, can cone out as 14C-| abel ed | actate as
opposed to 14C-| abel ed CO2, enphasizing the
i mportance of glycolysis in bioenergetics of
enbryos at |least at an early stage.

DR. SALOMON: Dr. Rao and then Dr. Murray.

DR RAO | want to try and take off from
what you just said about rather than |ooking at
experiments to see what we can take hone from here
in ternms of application, and there are two issues
that struck me fromthe points you nade. Does this
tell us anything about the reproducibility of
t aki ng ooplasm at any site? Should one suggest a

particular site, or does it tell you that there is
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going to be so nuch variability that you have no
predictive power at all?

The second thing is does this tell you
about sel ection of the donor oocyte or the
reci pient oocyte in any fashion in terms of doing
this?

Lastly, if one assunes that mitochondria
can play an inmportant role in signaling, then does
this tell us that even the small nunber that you
pl ace, because of patterns of signaling which are
critical in ternms of dynamismin this thing, that
smal | nunmber can be quite critical and, therefore,
where you place them night be very inportant as
wel I ? |f anybody can conment on the

speci fications?

DR WLLADSEN: | am Steen W/ | adsen, from

St. Barnabas. First of all, | think | should tel
you a little bit about the historical start of
this. We weren't concerned about mtochondria
specifically, and | think that in a way we are now
barking up the wong tree with the wong dog.
Qobviously, this committee is concerned
because there is DNA being transferred. That was
not our primary concern. It would be very easy, |

think, to design experinents where no nitochondria
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were transferred. In fact, we don't even know that
the mtochondria that are in the egg have any
particular function at the tinme. As was pointed
out by one of the speakers, they are probably
useful for making the egg, which is a very
specialized cell. So, | think the real issue with
the mtochondria in this context is are they

danger ous and how the egg otherw se gets al ong.
think it is wong to focus so conpletely on the

nm tochondri a because they can very easily be

brought out of the picture. Then, where would the

FDA be?

The second thing is that obviously when
you |l ook at these risks, and | think I will say at
this point if you look at the risks, I can only

speak fromthe basis of the evidence that | have
sonme insight into, the mgjor risk if you enter as a
patient into this programis that you could get
pregnant. That is the najor risk. Wether you
would like to say that this because it is a
treatment or whether you say it is because of the
place, it is a big risk if you go into the program
because 40 percent of the patients got pregnant.
Thank you.

DR RAO Can | respond to that?
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DR. SALOMON: Okay, but | think what we
have to realize here is that what we are doi ng
right this second is focusing on the mitochondri a.
It doesn't nean that we will end the day focusing
onit, it is just that we are follow ng a
di scussion of two very, you know, high |evel
professors telling us about mitochondria. So,
think it is very appropriate right this nmnute to
be focusing on the mitochondria. But | think that
to think of this in context, to be rem nded that we
have to put it in context is perfectly fair, and
think we will have to cone back to it because you
articulated sone of the issues we are going to have
to deal with in about half an hour. But in that
context, it is okay. | just don't think we have to
defend why we are tal ki ng about mtochondria right
now. | think that is what we are supposed to be
doi ng.

DR. SCHON: This is not really in the
real mof safety but | would just like to bring it
to the floor. The transfer of ooplasm neans the
transfer of mitochondria right now, unless the
protocol is changed. So, | would like to spend
just a couple of mnutes tal king about the

evolutionary inplications of this, not safety, not
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viability.

It cones to the heart of why nature
i nvented maternal inheritance in the first place.
So, why is that? 1In fact, nobody really knows but
t he nost reasonabl e answer is the same reason why
nature invented sex, and it comes down to sonething
Mul l'er's ratchet which in econonics would be called
Gresham s law-all things being equal, things go
frombad to worse. | think that would be the best
way to describe Miuller's ratchet.

So, if you had clonal expansions of DNAs
that were going to their progeny, eventually they
woul d call up mutations and wi pe out that organism
in evolutionary tine. So, sex was invented to
erase that--well, that is a little bald statenent
there. That is part of the reason | think sex was
i nvented, to help accommpdate, to deal with those
ki nds of mutations.

Now, when you have an organelle that is
present not at one or two copies per cell but at
thousands, it is very difficult to deal with that
kind of a problemof Muller's ratchet where, if a
mutation arises, it just naturally will spread
t hrough the popul ation, as you saw so dramatically.

So, what appears to have happened is that nmternal

246



© 0 N o o b~ W N P

N NN N NN RBP R R R R B R R R R
O A W N B O © 0 N © 01 A W N KL O

i nheritance came around so that when nutations
arose you shut themdown. |In fact, when we | ook at
pedi grees with real diseases, first of all, the
pedi grees are short, meaning they go from
great - grandnot her to proband and ni ght go one nore
generation and then, like a Iight going out, that
pedi gree is extinguished carrying that nutation.
That is what is really going on

That mutation only passes through the
mat ernal |ine and goes nowhere else. So, al
m tochondrial rnutations that we study are really
only a few hundred years old, if you will, or |less
intinm. They conme on and they go out.

So, what does this have to do with
ooplasmc transfer? So, now we are taking oocytes,
oopl asm cont ai ni ng m tochondrial hapl otype A and
sticking it into a recipient cell with
m tochondrial haplotype B. This is lateral genetic
transfer. Al right? W haven't elimnated
Mil ler's ratchet but we haven't nade things that
much better either because now you are putting in a
new genotype fromthis pedigree into a new
pedigree. |If you do this with one person, two
peopl e, ten people, a hundred people it is probably

irrelevant. But if you start doing this with tens
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of thousands of people--1 don't expect this ever to
happen at that scale but it is sonething just to
t hi nk about--y are now transferring mnitochondri al
genotypes horizontally through the popul ati on that
ot herwi se woul d never have been transferred because
they all pass vertically. That is the only point |
amtrying to nake. | can't quantitate the inpact
of this, it is just a fact.

DR. MURRAY: This will be a question for
Dr. Van Bl erkom Thanks to both speakers.
Fasci nating, | have learned a lot from both
presentations. | amgoing to focus on one thing
which we nmay actually be able to put aside, but one
of the striking things in your presentation was the
i nformati on about the dynanic patterning and
renodeling of the location of mtochondria in the
egg. You showed us sone slides of how that m ght
affect calciumion transport, and the like. |Is
there any reason to think that the injection of
anot her 10, 000, a bolus of cytoplasmw th 10, 000
mtochondria in sone particular site in the egg
woul d be either readily integrated and nade to
dance the sane way as the native ones, or might
there be sone disruption of, say, fine structure of

transport structures, the architecture within the
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cell that mght nmake it nmore difficult? One, is
this inportant enough to worry about? Two, are
there ways to sort of answer that question?

DR. VAN BLERKOM | don't think I have an
answer for that, except to say that the work we
have done with regard to mitochondrial transfer
i ndi cates that you can't predict how they we dance.
In sone eggs they will remain where you place them
as the cells divide; in others there is a nore
pronounced distribution. So, that is the I|evel of
predictability, which is a problem

As far as interrupting, | don't get the
sense that the amount of cytoplasmthat is put in
and the nunber of nmitochondria that are transferred
is actually significant in terms of disrupting any
of the normal cell functions or even contributing
to them for that matter.

DR MJRRAY: You don't think it nakes a
di fference?

DR VAN BLERKOM | don't think it makes a
di f ference.

DR. MULLIGAN: |Is there anything that
aggregates the mitochondria or keeps themin any
constrained fashion that, upon transfer--this is

kind of a simlar question to what Tom was aski ng,
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that is, sone cytoskeletal structure that you
transfer like a precipitative nitochondria?

DR. VAN BLERKOM | think Jacques actually
al luded to this when he spoke about differences in
the cytoplasmc texture, and we have to think in
terns of the human and our experience, those of us
who have experience in working with human eggs, is
that even with the standard | CSlI procedure eggs
di ffer substantially in how they receive sperm how
the cytoplasmis w thdrawn, the viscosity of the
cytoplasm and you can actually see this as you do
it. | have seen this many tinmes. | think the
situation that Jacques has descri bed, where you
have different cytoplasnic textures and you can
actually see in his cytoplasnic transfer studies
the cytoplasmthat is injected in sone eggs but not
in others, | think indicates why in some cases when
you put in a bolus of mitochondria or a bolus or
cytoplasmthey remain fixed in position and in
other cases they are nore diffuse. | think you
cannot predict that. | don't think you want to
relax the cytoplasmby treating it with drugs so
that you have sone sort of uniformdistribution or
sone control | abl e distribution

DR. MJLLIGAN: Can you alter the viscosity
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or whatever you want to call it--

DR. VAN BLERKOM I n a sense you can rel ax
the cytoplasm It usually requires treatment with
sone relaxant drugs that will rel ax
cytoarchitectural conponents. | don't think you
want to do that in clinical IVF. The problemin
the cytoplasminjection is that you have al ready
i njected the cytoplasm and now you di scover that,
in fact, the recipient egg has, let's say, a
particul ar viscosity where the cytoplasmrenains
intact in one position. Maybe those type of
studies will be useful to determ ne whether or not
the mtochondria renmain fixed or not as a prelude
to aclinical trial. But they are differences that
are egg specific. They are hard to predict and
what | tried to enphasize is that just by |ooking
at an egg you really can't tell

DR SALOMON:  Dr. Hursh and then Dr.
Sausville. Then what | would like to do is nove on
to Dr. Know es, only because | amjust trying to
have sone tinme at the end.

DR. MALTER. Very brief?

DR. SALOMON: Yes, sure.

DR. MALTER: | am Henry Malter, from St.

Bar nabas. Jonat han, the experience you showed,
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what exactly did you do? Was that where you were
isolating essentially mitochondria in part of the
cytoplasmand taking it fromthere?

DR. VAN BLERKOM The experinments | showed
were not cytoplasmic injections. These were
procedure where we have actually conpartnentalized
the mitochondria and then took mitochondria in
relatively small drops, smaller than you woul d
actually use in a cytoplasnmic transfer, and
actually deposited it into the egg. So, those were
enriched mtochondrial fractions.

DR. MALTER: | just wanted to remni nd of
sone i mages that actually Jacques showed because we
have done this as well. In fact, we have done it
with spare hunman material and it is essentially
duplicating exactly what is done during the
clinical cytoplasmic transfer material, |oading an
egg with | abel ed nmitochondria and injecting them
Those were not extensive experinments but we never
saw that just sitting in one place. Basically, you
showed right after injection you can see this
bolus, this red imge in part of the cytoplasm and
t hen, as devel opnent proceeded, they just
essentially seened to disperse and it was just

vari able. You would see it in sone bl astoneres.
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DR. VAN BLERKOM So, these were
fertilized eggs after injection?

DR. MALTER:  Yes.

DR. HURSH. This question is for Dr.
Shoubridge. You don't feel that heteroplasny
itself is a problem but if there was a situation
where the mtochondria becanme asymetrically
di stributed so you had one, say, organ that was
primarily donor mitochondria could you foresee any
problens with that nmitochondria with a di sconnect
with the nucleus in any way? Wuld that be a
safety consideration that we need to be
consi deri ng?

DR SHOUBRI DGE: Qur data woul d suggest

that it is not a big problem but |I don't think you

can rule it out because, | nean, what happens
biologically is that every tinme you have a child,
of course, the father's nuclear DNA is introduced.
So, now that nuclear DNA is introduced to

m tochondrial DNA that it has never seen and the
not her' s genone has seen that mtochondrial DNA
So, it is a natural process for new nucl ear genes
to be introduced into nmitochondrial DNA genes to

dance with them and t hey have never danced with

them before, to follow the dancing anal ogy. But in
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the case of our mce, of course, that is exactly
what we have, we have conplete fixation of a donor
genotype in the liver. |In that case it doesn't
seemto produce any particul ar phenotype that we
can recogni ze but we haven't done any |iver
function tests. The mce seemto be pretty normal,
but | don't think you can rule it out.

DR. SAUSVILLE: So, this question's |ast
comment sort of follows along on that. First of
all, I want to thank both of the speakers this
aft ernoon because | think they have put, at | east
for me, a lot of the biological issues somewhat in
greater perspective.

But, | guess, addressing one of the other
maj or concerns that goes into the IND and, again,
this is sonewhat to what Dr. Hursh's question
alludes to, is the issue of safety. | seemto be
hearing that if one |ooks to safety either fromthe
i mplications for the recipient, the organi smwho
receives it, the nouse experinents don't suggest
that there is a trenendously great effect for
having radically different nitochondrial genomes
and, noreover, do suggest that if there were to be
a bad different you woul d have to have an enornous

anount of penetration in one participant organ
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Then, the conmment that you nade
subsequently is that if one | ooks at safety from
t he standpoint of evolutionary safety, at one |evel
you coul d construe that as an argument that the
mechani smis designed to keep itself safe because
it is going to extinguish itself within a very few
generations and you woul d have to posit that if
this were a threat to our collective genomes you
woul d have to have a succession of al nbst continued
mai nt enance through sonme sort of artificial system

So, | guess quite apart fromthe issue of
whet her mitochondria really do anything for you or
whet her, indeed, the cytoplasm does anything for
you, ny initial reaction to this is that it is hard
to make the case that the procedure appears unsafe,
at least fromthe standpoint of mtochondrial
rel ated matters.

DR. SALOMON: Yes, | think I was earlier
saying the sane thing in another way, that it seens
like with the threshold issue there is a |lot of
safety.

DR. SHOUBRIDGE: | guess the only thing
woul d add there is that the slight caution is that
because we know there are nechani sns that increase

the proportion of bad guys in cells frompatients
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who have disease, if you unwittingly put in
somet hing froman individual that is belowthe

t hreshol d you could select for it in a
tissue-specific way. | think that nmay be a very
small risk but | don't think it is zero.

DR MJULLIGAN: | think that one issue
about mechanismthat is inportant is that if you
really did think that mitochondria weren't
i mportant, by not having mtochondria in your
oopl asm you coul d, obviously, reduce whatever risk
you ot herwi se woul d be concerned about. So, it is
a relevant issue just because you have w ped out
that risk conpletely if you didn't have any.

DR SAUSVILLE: But then that becones
i mpossible to investigate in the conventionally
clinically oriented situation since what we have
heard is that while, in an ideal sense, you would
parse out precisely which part of this works, |
inferred fromthe discussion earlier that that is
going to be very difficult froma practical point
of viewto ever do in a neaningful sense
clinically.

DR. MILLI GAN: There mi ght be peopl e who
don't feel that that is an inportant part of the

nmet hod and woul d choose to go down the regul atory
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pat hway that woul dn't make use of mtochondri a.

DR SAUSVILLE: | don't think there is
anyt hi ng that would prevent that froma regul atory
standpoi nt, but the issue is whether or not the
user community would actually go down that path. |
think that is uncertain to me fromwhat | have
hear d.

DR. SALOMON: We certainly haven't gotten
to where we need to be by the end of the day, but I
t hi nk we have nade sone progress along that |ine.
Ms. Know es is going to talk to us about ethica
i ssues and then, just to give you the lay of the
| and, we are going to do the public comrent
section, take a break and cone back and really get
into the key questions, and that is when we will
have to have it all in perspective, mtochondrial
saf ety, ooplasm other conponents of the ooplasm
and its inpact on this group of scientists and
physi ci ans.

Et hi cal |ssues in Human Qopl asm
Transfer Experinmentation

M5. KNOWLES: Thank you for inviting ne to
be a part of this. | have been charged with
elucidating the ethical issues in human oopl asm

transfer experinentation. So, we are going to step
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back a little bit fromall the mitochondrial data
we have been tal ki ng about, and stepping back from
t he ani mal nodels, and we are | ooking now at the

i ssue that we started with today, |ooking at the
experinmentation of ooplasmtransfer, that | am
going to call O just for shorthand, in humans, and
| ooki ng at sone of the ethical issues.

In terms of context, | just want to
hi ghlight that all medical experinmentation takes
place in the context of sone risk and sone
uncertainty. The question, therefore, is what is
the threshold of risk and uncertainty that is
acceptabl e? One way that we can better understand
the risk and uncertainty of OI experinentation is
by | ooking at what | amcalling the knowns and
unknowns.

So, in terms of elucidating safety and
ef ficacy concerns, we are going to say to ourselves
what threshold of risk and uncertainty exists in
this context and so what are the knowns and
unknowns. | amgoing to look at the inplications
this has not only for whether it is ethical to
proceed with this technique in wonen and to create
children, but also the inplications for informed

consent.

258



© 0 N o o b~ W N P

N NN N NN RBP R R R R B R R R R
O A W N B O © 0 N © 01 A W N KL O

Consi der abl e anpbunt of thought, discussion
and work has been devoted to the question of the
ethics and science of both therapies and
experinments that result in inheritable genetic
nodi fications, and | adopt that termfromthe AAAS
report of 2000. |In the tine that is allotted to
me, | can't do justice to that work but what | can
do is nod to sone of the work and sone of the
i ssues that are on the table when we are tal king
about inheritable genetic nodifications.

Simlarly, | don't actually have tine to address
the depth of the issue of what | call the invisible
wonman, the other woman who is involved in all of

t hese procedures, the egg provider

So, it is extrenely inmportant to realize
that the inplications of proceeding with OT both in
experiments and as a clinical technique have |arger
ripple effects which inplicate the safety of the
worren who undergo the egg provision, the egg
donation as it is called, to enable this technique
to go forward. So, whereas ooplasmtransfer is
primarily concerned with transplanting genetic
material that is believed, although we don't know
certainly at all, to not have an inpact on

phenot ypi ¢ devel opnent of the enbryo, there is a
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likelihood then that the market for oocytes will be
i ncreased and will pull on wonmen who have not
typically been pulled on for provision of eggs
based on their phenotypic characteristics which
aren't going to be, we assune, as inportant in this
market. So, that has some larger social ripples
and ram fications that we should be thinking about
as wel | .

That leads ne to ny |ast area of concern
that | amactually not going to touch on. G ven
FDA's mandate, | am not going to address the soci al
and |l egal ranifications of this technique but |
think it is necessary to underline the inportance
t hese issues have, the uncertainty that exists
where genetic parenthood is tripartite and the
ethical inperative nowto have a broad and
mul tidisciplinary review of the ethical and
scientific issues. So, sonebody needs to be free
to deliberate about these larger ethical issues as
well, and I think it is nmy responsibility to just
outline that.

Turning then to safety and efficacy, we
are asking ourselves what are the unknowns. There
are clearly nore unknowns than | have on this |ist

so | amjust going to highlight what | think sone
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of the nobst inportant unknowns are. The first is
it is not known, and we have heard this many tines
so a lot of what | amgoing to say is going to be
sort of summarizing--what is not known are the
defects that ooplasmtransfer is trying to correct.

It is not known what is doing the work in
Or. Although we have concentrated on nitochondria
recently, we have to renenber that we don't
actual ly know what is doing the work. W don't
know whet her OT techni ques have an adverse effect
on transferred material. W don't know that. W
don't know whet her OT hel ps actualize abnornal
enbryos that would not otherw se be actualized.
And, we don't know the effects on enbryos, infants
and toddl ers--humans--wi th heteroplasnmy. Wuld
don't know what its effects are.

So, let's delve a little bit into that.
Qur scientific understanding of why an enbryo does
not develop is still inconplete. W heard that a
nunber of different ways today. W know there are
a nunber of different factors that nay be
i mplicated including maternal age and including ATP
deficiencies. So, let's ook at what sone of the
other factors may be.

This is a partial quotation from The New
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Engl and Journal of Medicine, March 7, 2002, many
factors can |l ead to poor enbryonic devel oprent,

i ncl udi ng chronmosonmal abnormalities, genetic
defects, and cellular abnormalities. I|npaired
enbryoni ¢ devel opnent may al so be consequence of
other problens within the enmbryo or in its

i nmedi ate environnent.

In the Huang experinent, in fertility and
sterility, October, 1999 it was stated, the reasons
for previous inplantation, and this is in
describing the failure of the nine patients in that
study, the reasons for previous inplantation
failure in these nine patients are not clear
because their oocytes appeared norphol ogically
normal and the enmbryo transferred were of fair
quality.

This is conplicated by a great variation
in the wormen in each of the studies, inconplete
histories of the techni ques each woman underwent
prior to OT, the nunber of attenpts, the techni ques
tried after OT and inclusion and exclusion criteria
for the wonen in each group. This is conplicated
by what Dr. Lanzendorf and her coll eagues refer to
as the subjective grading of enbryos in vitro

perfornmed by various enbryol ogi sts, which renders a
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conpari son between patients' previous |IVF cycles
and treatnent cycles unavailable. So, we know that
that information in ternms of conparison is not
available to us in many circunstances.

Continuing with the unknowns, what is
doing the work? W don't know this. Since we
don't know what is doing the work and whether in
all cases it is the sane beneficial factor, which
we can't assune it necessarily is and we don't even
know i f the same beneficial factors are
transferred, it is not actually possible to know
whether OT is clinically indicated in a particul ar
case.

| have shorthanded the citations because
have so many words on these slides, but | have the
citations if you would Iike them The mechani sns
i nvol ved are still enigmatic. 1t remains unclear
as to which cellular conmponents are transferred in
t he donor ooplasm Exact mechanisnms and factors
that help to rescue the function of the defective
oocytes remmin unknown. It is not yet clear how
oopl asm transfer works. Specialized proteins or
messenger RNAs nmay direct subsequent cell cycle
events. it is also possible that donor

m tochondria is providing the benefit.
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So, can transfer techniques have an
adverse effect on material that is transferred,
transferred material? Here, of course, we are
concerned with the risks that are inplicit in this
technique. Interestingly, it seens that all the
research of the clinicians in the protocols that we
were provi ded express sonme concern with the source
of ooplasm or cytoplasmused either in their own
experiment outconme used by other in the other
experiments. These concerns include the effects of
cryopreservation of the material transferred since
t hat has been studi ed and shows that
cryopreservati on can have negative inpact on
oocytes and enbryos. That, obviously, has to be
consi der ed.

So, let's | ook at what they said, because
it is still not known what is being transferred to
reci pi ent oocytes, it cannot be determined if
cryopreservati on nay have an averse effect on these
factors.

This is the 3PN protocol and they are
conmenting on the use of netaphase Il oocytes, one
concern we have is the risk of transferring donor
chronpsones, and we heard about this earlier, from

nmet aphase Il oocytes of donors into the recipient's
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oocyt es.

W feel validation is still required to
provi de absol ute proof that donor nucl ear DNA has
not been accidentally transferred. That is
referring to the 3PN protocol

What are the effects on enbryos? Well
the bottomline is we don't actually know Let's
take a | ook at what they said. Even though the use
of cytoplasmic transfer has been enployed in
several |IVF clinics--this is fromthe abstract, by
the way, of this report--and pregnanci es have
resulted, it is not known definitively whether the
physi ol ogy of the early enbryo is affected.

There nmay be an i nproved devel opnent al
potential of hybrid cytoplasmin chronosonally
normal s as well as abnornmal enmbryos. So, here we
know the following risk exists with respect to the
effect that O may have on enbryos and that
abnormal enbryos nay be actualized as well as
normal enmbryos getting the boost that we tal ked
about .

We do know at this point that ooplasmc
transfer can alter the normal inheritance of
m tochondrial DNA resulting in sustained

het eropl asny representing both donor and reci pi ent
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m tochondrial DNA. That is also a quotation

What are the effects on the enbryos,
infants and toddl ers with heteroplasny? And, we
are tal ki ng about hunans. Well, because little is
under st ood about the maintenance of m tochondrial
het eropl asny and its nucl ear regul ation during
human devel opnent, the effects of potentially
m xi ng of two mitochondrial populations are stil
bei ng debated. 1In other words, we don't know.

We do know that nitochondrial heteroplasny
may result in enbryos, approximtely 50 percent
fromny reading that particul ar study, of
non-vi abl e enbryos used in Barritt's study
exhibited this trait. W also know that two
chil dren now exhibit mitochondrial heteroplasny,
but we don't know what this nmeans and it is unclear
whet her all the children created from oopl asm
transfer have been tested for nitochondri al
heteroplasny. It sounds like, fromthe first
speaker's presentation, that we know that, in fact,
not all the children that have been created this
way have been tested.

So, let's |l ook at what we do know. \ell
we know that the incidence of chronpsomal anonalies

is higher in this population than the rate of major
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congenital abnornmalities observed in the natura
popul ation. This is a quotation from page 430 of
Barritt et al. in the European Society of Human
Reproducti on and Enbryol ogy journal .

W know that one 18-nmonth ol d boy, as Dr.
Cohen was nmentioning this norning, has been
di agnosed with PDD. And, we know that the
m t ochondrial DNA inheritance is changed in sone
children resulting in an inheritable genetic
nodi fi cati on.

Let's tal k about inheritable genetic
nodi fication. | want to say first of all that
there has been kind of an interesting discussion
going on in the literature about whether this is,
in fact, a case of germine genetic nodification
| think that is, in fact, interesting in and of
itself, the fact that there is a |ot of energy
bei ng spent to nake sure that we are not | abeling
this a germine genetic nodification. That should
be telling us sonmething. | have seen sone very
i nteresting argunments about why it is not a case of
germ i ne genetic nodification, including one that I
have nentioned to several people before, that it
can't be considered a gernline genetic nodification

because is doesn't pass through males. Well, | am
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not actually going to discuss that particular
argunent but the energy that is being expended
shoul d be telling us sonething about whether, in
fact, it is an inheritable genetic nodification
Wl l, why are we concerned about | GV?
Here | have to be really very concise. This term
|GV inheritable genetic nodification, as
mentioned, | amtaking fromthe AAAS, the American
Associ ation for the Advancenment of Science, their
2000 report which brought together a group of
em nent scientists including gene therapists,
ethicists and policy analysts, and they say the
foll owi ng, they say essentially due to the
transm ssion of inheritable genetic nodifications,
there woul d need to be conmpelling scientific
evi dence that these procedures are safe and
ef fective, conmpelling scientific evidence. For
t hose techni ques that have foreign material, their
stability across generations would need to be
determ ned based initially on nol ecul ar and ani mal
studi es before proceeding with germine
interventions in humans. It is not yet possible to
nmeet these standards, nor is it possible to predict
when we will be able to do so. One footnote

shoul d add that was correctly nentioned earlier, we
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don't know whet her, because the blood only of these
children has been tested, the germcells have al so
inherited this mtochondrial heteroplasny. But we
haven't tested for that yet because we can't at
this point. So, it is inportant to recognize that
that, in fact, is true but it doesn't mean that
this is not inheritable genetic nodification. That
is inportant.

They al so go on and say the possibility of
genetic problens occurring as a result of the
uni ntended germine side effects seens at |east as
great or greater than those that night arise from
i ntentional inheritable genetic nodifications which
at this time we don't pernit in many, nany
countries. Wy? Because know ng you were creating
an | GM assunes that you woul d have saf eguards and
rigorous nmonitoring in place and we know that in
this case that is actually not true because they
all egedly didn't think that they were going to be
transmitting genetic nodification

So, those are the AAAS concl usions.
Clearly, we have a duty to future
generations--there is a lot of theoretical work on
this, but we can intuit that we do have a duty to

future generations to be thinking about what we
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are, in fact, passing on to them to be doing it
carefully if we are going to do it.

| would note that there is al nbst never
consensus in the international conmunity, but there
is pretty close to a consensus in the internationa
conmunity that we should not be doing research that
results in inheritable genetic nodifications.
just want to highlight, in ternms of the
i nternational work, that this would not be
permtted in nost countries, this kind of protocol
and in the U K, which is arguably the nost |ibera
with respect to enbryo research, they are going to
all ow sone stemcell protocols that we are not in
this country, they prohibit germine nodification
and the House of Lords stemcell report noted
that--they didn't discuss OT in the context of
fertility treatnments at all, but discussed what we
were discussing, the use of a sinilar procedure
with respect to screening out mitochondrial disease
and they said that very little research has been
carried out on this procedure and it would need
extensive testing in animal nodels and in hunman
eggs before it could be used therapeutically in
humans. Renenber that they are tal king about a

therapy in a disease, not fertility, in that
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cont ext .

What does heteroplasmy of this type, the
type that we have been discussing in humans in the
two children that we have been tal ki ng about, what
does it nmean? Well, the bottomline is we don't
know. We do know that there are diseases
associated with mitochondrial heteroplasny. W
know that. Yet, there is no reason to consider
this mtochondrial DNA heteroplasmy fromthis OT
protocol as harnful because it is known to occur
naturally in normal individuals.

Wll, to be fair, we don't knowif this
type of heteroplasny resulting fromthese
experiments results in mtochondrial disease
because it doesn't occur naturally. So, we haven't
been able yet to determine that it is benign. W
sinmply know that this other type of heteropl asny
can occur in normal individuals and it can occur
and be associated with di sease states as well. So,
we cannot say that it is benign because we don't
know. W don't have the information at hand to
know. W haven't done the experinents yet to know
or the followup to know.

W do know that one child has PDD but we

don't know whether that child actually is
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heteroplasmic or not. | would |ike to know that if
we have that information available. | don't think
we know t hat.

What el se? Well, since mitochondrial
di seases are associated with heteroplasmy that can
be early or late onset, we cannot know whether this
het eropl asny is benign until these children grow
up. That is a basic conclusion fromlogic.

Limtations of clinical data, well we
heard very candidly from our speakers, and it is
much appreciated, sone limtations of the clinica
data. It is very helpful. Small sanple sizes;
i nconplete informati on on the wonen in the
experiment for a number of very legitinate reasons.
We don't know necessarily whether previous
procedures are the reasons for their failure.
Inconmpl ete testing of the children who have been
born; and the lack of long-termfollow up

This is particularly troubling. There is
clearly a need for long-termnonitoring of the
children that are born with a heteroplasmc
condition and those that aren't born with a
heteroplasnmic condition. 1In addition, there is
likely going to need to be extensive foll ow up of

these children until they have children to
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deternm ne whether, in fact, we have an inheritable
genetic nodification and what happens to it through
t he generati ons.

This followup can, and will likely be
very intrusive because, as we were hearing on the
nmouse nodel s, the nitochondrial segregation is
tissue specific and differs. So, if you are going
to do proper followup you woul d need to take
tissue biopsies fromdifferent tissues to
under stand how t he mitochondria has been
differentially segregated. This, of course, could
be extrenmely intrusive. \Whether one could
ethically consent to this kind of |long-term
nmoni toring and invasive followup for a child that
is not yet conceived has to be added to the ethica
pi cture when we are | ooking at this.

So, what do the knowns and unknowns t el
us? Well, this has pretty profound inplications
for infornmed consent. How you get neani ngfu
i nfornmed consent in this environment is a rea
guestion and a real challenge, not only because of
all the information that we don't know but also
because of the specific environnent which we are
dealing with. W are dealing with the environnent

of reproductive nedi ci ne which has a reputation for
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havi ng a trenendous overl ap between clinical

i nnovati on and human experinmentation. This
environnent has to be factored into the whole
qguesti on of the neaningful ness of infornmed consent.

Added on to that is the fact that patients
that come into fertility clinics are desperate,
truly desperate for real reasons to get pregnant.
W heard very candidly that they will pressure
concentrations, researchers, to provide techni ques
for them even when they are not necessarily
i ndi cated. We have clinicians who are very
t hought ful peopl e but who have devel oped their
practice as clinician researchers where nmuch of
their practice is the practice of experinentation
because they can. This is an interesting area
where they can actually do a ot of clinica
i nnovati on and human experi nmentati on.

So, what does that nmean? It means that
perhaps this is not the best environnent for basic
research to be conducted when down the road the
ri sks could be nuch nore than society or even the
i ndividuals are actually willing to bear despite
what they say in this context. There is near
consensus in the literature, in the briefing

package, the protocols that we have been
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di scussing, that this is not ready for w despread
clinical applications. Pretty much all the
protocol s we read or people who have spoken to us
earlier today indicate in their work that they do
not believe it is appropriate to conduct this
experiment in a widespread fashion in fertility
clinics in this country. They are very candid
about that.

So, should there be nore ani mal testing?
Yes. At the very least, one of the things | was
struck by was when Dr. Shoubridge was talking is
that at the very least we could be doing the tests
on his animals, tissue-specific tests to find out
whet her they are, in fact, normal. He says they
appear normal, very candidly, but he doesn't know.
They haven't tested for that. So, we could be
doi ng that work.

G ven the level of uncertainty of the
risk, | think the answer is quite clearly yes. Al
the studies that we | ook at rely on animal studies.
So little is known about the function of
m t ochondri a, about heteroplasmy, about the
bottl eneck, about nitochondrial diseases that
ani mal experinmentation of various kinds, nice,

primates, can surely help elucidate these
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under | ying uncertainti es.

Finally, must there be further human
enbryo experinmentation before enbryos are inplanted
and children are born? Yes. There nust be nore
human enbryo experinmentati on before inplantation
This is a lovely quote from The New Engl and Jour na
of Medicine, the use of novel reproductive
techni ques nust be based on nmore than their mnere
availability. There has to be clear clinica
i ndi cation for using such techniques, evidence of
their efficacy and consideration of the risks to
t he not her and society.

This is difficult. W make deci sions
about bringing techniques to human trials by
| ooking at the risks and uncertainties, the
potential harmto the patients, offspring and ot her
i ndi vidual s involved. But we have to also factor
in the nature of the condition that is the focus of
t hese experiments in examning the risk to the
patients. Here we are tal king about how quickly we
move forward. How inperative is it that this
results in hunan experinentation in the clinics
tomorrow? So, this is a factor in our
del i berati ons.

In this case, although infertility can be
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a very serious condition with serious and rea
enotional inmpacts and personal side effects, this
is not always the case with infertility. More
importantly, we are tal king about the ability to
have a genetically related child. Let's nmake it
even nore of a finer point here. The inability to
have a genetically related child is not a
life-threatening or fatal condition

So, ny point is sinply that when we
di scuss how qui ckly we nove forward, the necessity
of making this happen quickly in fertility clinics,
we have to keep this in mnd as well. Finally and
very inportantly, we have a duty to the children
that we help to be born to do our utnost to see
that they are born free from di sease or inpairnent,
and we are not there yet.

The conbi nati on of these factors quite
clearly, in ny nmind, mandates that further trials
not be conducted on human enbryos that will be
i nplanted in wonen with the hope of creating nore
children at this time. |f the FDA decides
otherwi se, there are, in fact, all kinds of factors
that should be introduced, that | don't have tine
to go through--informed consent procedures,

ri gorous screening, etc. that we can di scuss at
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another time. That is the end of ny remarks.

DR. SALOMON: Thank you for a really
superb presentation and actually an excell ent
transition. What | would like to do now, before
the break, is to invite three people who are on the
of ficial docket for public cormment. W have
allotted seven nminutes each for these people. Then
we will take a break and then cone back and face
the set of questions, many of which we have set
groundwork for and sone of which we will have to
try and put in a proper context.

The first person | would call for the
public hearing is Dr. Jamie Gifo, representing the
American Society for Reproductive Technol ogy.

Wl cone, Dr. Gifo.
Open Public Hearing

DR. GRIFG Thank you. | appreciate the
opportunity to speak. M nane is Janie Gifo.
ama clinician researcher. | ama reproductive
endocrinologist. | amthe division director at
MU, University School of Medicine for Reproductive
Endocrinol ogy. | oversee our |aboratory; | oversee
our research. | run the fellowship and | am a
practicing clinician.

In ny spare time | amthe president of
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SARD. SARD i s an organi zati on of the Anerican
Soci ety of Reproductive Medicine. It has been in
exi stence since 1988. W are conposed of
physi ci ans, scientists, researchers, enbryol ogists,
nurses, mental health providers and patient
advocates. W set the standard for the practice of
our nedi cine.

You have never heard a story about this
organi zati on because we are not sensational and
there is no journalist that will tell our story.

W have effectively set the standard for our field;
we have sel f-regul ated and no one knows this story.
We are the only group of physicians in the world
who coll ect data, validate data, publish data in
col l aboration with the CDC about clinic specific
and national birth rates. W have strict
menber shi p guidelines. W have strict criteria for
| ab and nedi cal directors of progranms. W validate
data by randomsite visits. W have ethica

gui del i nes and practice guidelines that are
required to be followed in order to maintain
menbership. W have teeth. W have elinmnated 30
peopl e from our menbership for failure to adhere to
our guideli nes.

More recently, we now require performance
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standards and if they are not net we offer renedial
services to these clinics to assure quality of

care. W have also issued a statenment saying that
we do not think reproductive cloning should be done
at the current tine until it is proven to be safe
and effective.

So, we have set the standard for our
field. W do regulate our field, and we have done
a very good job. Unfortunately, the nmedia prefers
to tal k about people who are not our nenbers and
who are not doing things that people say they are
doi ng.

We are very pleased that the FDA has taken
an active role in regulating the nedicines and the
devices that we use to assure safety for our
patients. Qur goal is that our patients have
heal t hy out cones.

| do not believe, and we do not believe
that ooplasmic transfer is a food or a drug. It is
a research protocol. Research protocols
traditionally have been regul ated by a very fine
situation that has withstood the test of time. It
is called inforned consent and institutional review
board. That nethod has worked. Human research has

been done ethically. Results have been good.
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Saf ety has been assured.

One nust realize that you can never assure
safety in any new techni que. The safest thing that
we can do is stop all research in our field.
Unfortunately, the series of letters sent out from
FDA has just done that in our field. That has
assured that our work will be done in other
countries by people who perhaps do not have the
skills or the support to do what we, Americans, can
do. W have been the best in our field.
Unfortunately, we have had that privilege taken
away from us

Through i nformed consent and | RB we have
i ntroduced in our specialty, in very rapid
sequence, techniques that did not exist. W have
made the practice of |IVF better. W have hel ped
nore patients. Techniques such as |ICSlI, assisted
hat chi ng, enmbryo biopsy in co-culture have been in
exi stence and have hel ped nmany patients. Enbryo
bi opsy was done initially in England. 1t took ne
four years to get institutional review board
approval to do enmbryo biopsy. |In collaboration
wi th Jacques, we had the first baby in the United
States. We were the second group in the world.

There have been hundreds of thousands of babies
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born free of genetic disease by this technique. |If
we attenpted to institute this practice into our
field today in this environnent, we would not be
able to do that.

| applaud the FDA in wanting to assure
safety, but human research will always have
i nherent risks. You cannot get rid of risk. Wth
i nfornmed consent patients are educated about what
those risks may be and they make a deci si on whet her
or not to undergo those risks.

The FDA nust add value to the practice of
research in this field. | hope that there is a
better nechanism other than stopping us from doing
our research, that can exist. Thank you for the
opportunity to speak

DR. SALOMON: Thank you. The next speaker
is Dr. Sean Tipton, also fromthe American Society
for Reproductive Medicine. Does anyone know, is
Dr. Tipton here? M. Tipton, sorry. Maybe |I could
invite the third speaker since there wasn't any
particul ar order or priority here, Panmela Madson
fromthe Anerican Infertility Association

MS. MADSEN: It is an honor to be with al
of you here today. It is an encouragi ng and

auspi cious start that so nany nembers of the
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nmedi cal and scientific research and gover nment
conmuni ti es have cone together

For the millions of us who are | ocked
together in the wenching battles against
infertility, this neeting enbodies the hope of
achieving increasingly effective and safe
treatments as quickly as possible because we have
no tine to waste.

The popul ation of the infertile is
growing, with one in six couples actively
experiencing problems. Let's be clear, we are raw
Recent headli nes made public what nost of us
al ready know, that our collective ignorance about
fertility is extracting an enormous toll. That
worren who del ayed chil dbearing, either by choice or
force of circunstance, feel duped out of their shot
at genetic nmotherhood. That their partners, who
also long for the children that are uniquely
theirs, are just as saddened and infuriated by the
| oss. That the individual and societal costs of
infertility are intolerable. Let nme respond to
you, no, it is not life-threatening; it is
l'ife-stopping.

What do we do about it? Certainly we

rai se public awareness about infertility, its
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preval ence, its causes and prevention. W nmake a
concerted effort to educate everyone about the
human reproductive life cycle. But we nust also
rededi cate ourselves to refining the infertility
treatments we have and to discovering new ones.

Li ke any other ruthless disease, infertility
ravages not just the imediate sufferers but their
fam lies and friends, enployers, peers and

enpl oyees. Wth age, a genetic inheritance, a
physi ol ogi cal fluke or a nedical conditionis to
bl ame, all those affected by infertility have one
thing in commn, an urgent need for reliable paths
to bi ol ogi cal parenthood.

As patients, we understand, to a |l arge
extent, that the fees we pay for services propel
devel opnents in reproductive technology. It is
worth noting, however, that we are here when our
gover nment does not provide any funding for
research. Yes, we need nore enbryo research. No,
it is not funded by our government. W are
cogni zant of the risks we voluntarily take as the
subj ects of clinical experinmentation that are
required to nove the research expeditiously. W
know t hat we are treading on uncharted territory.

To date, ooplasmtransfer research offers
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the greatest potential to help wonmen with oocyte
problems. It is potential. W need research, we
need it to nove forward. It is the avenue that
seens to be leading to many different technol ogi es
that may deal with the multiple forns of
egg-related infertility. W want to do everything
we can to facilitate this work because right now,
as far as we know, there is nothing else.

O course, we are concerned that
researchers adhere to the highest standards
possible. It is not only our health at stake, but
the health of future generations as well. W have
al ways relied on the twin nechani sns of | RBs and
i nforned patient consent, and it is our
under st andi ng that the system has worked reasonably
wel I .

As willing participants in experinmental
procedures, patients have the right to honest and
forthright information before giving consent. That
i ncl udes antici pated outcones and possible
pitfalls; what is known and best guesses about what
isn'"t. We wonder why IRBs can't be overhauled to
i nclude a broader array of interests--patient
advocat es and possi bly government representatives

anong them We wonder why we don't have uniform
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| RB standards. This is likely to be far |less
i ntrusive and economnically onerous than the
creation of an entirely new system

I f, however, the government is comitted
inits current plans, we do urge restraint. W
woul d I'ike to know that governnent federa
guidelines will not be so cunbersone and expensive
that they inhibit researchers from pursuing
prom sing | eads. W want to know that the costs of
regul ati on which are passed down to consunmers will
be reasonabl e and contained. Renmenber, nost of the
infertile around this country are payi ng out of
pocket. W don't have coverage.

O herwi se, we jeopardize the access to
treatment for all but a very wealthy few As it
is, the financial burden of l|argely uninsured
reproductive technol ogy puts an enornous strain on
the infertile. W are asking that we build on the
cooperation and open conmuni cati on that we have
wi t nessed here today, and we would urge, if we are
going to work together, that whatever body it is,
whet her it is through overhauling of systens that
are in place or a new body, that it be conposed of
regul ators, researchers, reproductive clinicians

and patient advocates to ensure that politics do
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not interfere with the comunity's need for
scientific breakthroughs. W are depending on a
true collaborative process. The infertile cannot
afford, and do not deserve any |less. Thank you

DR. SALOMON: Very nicely spoken. As |
said, we are going to take basically a ten-mnute
break. It is 4:15 right now W wll start again
at 4:25 regardl ess of anyone who isn't here, just
so you take me seriously this tine. | want to make
sure we have enough tine. Thanks.

[Brief recess]

Questions to the Committee

DR. SALOMON: To initiate the final phase
of this afternoon and where things have to cone
together, all the different pieces that we have
explored all day, is in dealing with a series of
specific FDA questions. These will be briefly
revi ewed by Dr. Moos.

DR MOOS: | amjust going to try and tie
together a few things that we have heard today by
way of introducing our list of questions. | am not
going to subject you to a detailed reiteration of
this list; it is in the briefing package.

The first thing | want to say is directed

to the fol ks whom we consider really the nost
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i mportant people in the room who are the patient

i nterest advocates. | think that if you have a

| ook at the kinds of questions we have been asking
and discussing, inplicit in the entire format of
the nmeeting and the discussion is that we have no
i ntention of stopping any kind of research. Qur
intention is to balance carefully the avoi dable
risks and the benefits in a way that we optinize

t he bal ance between the two.

To do that, we need to make use of the
best scientific and nedical evidence and anal ysis.

I think the presenters have done an excellent job
of laying out much of the critical information that
we will need to nake use of to synthesize how we go
ahead with this.

Many of our judgnents will depend on sone
kind of treatnment of nunerical data. W have seen
a great many nentions of how snmall the nunbers are
and what the statistics are like. And, one of the
t hi ngs which, over in the FDA corner, we found very
striking is just this fact. W heard sone very
useful information suggesting that experinents
m ght be quite feasible and relatively
straightforward to design that would satisfy us

that heteropl asny per se represents a nanageabl e
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risk.

But there is a fly in the ointnent,
particularly with respect to the incidence of
Turner syndrone that has been reported in sonme of
the data. W know that it is very comon. The
best information that we can get out of the
literature suggests that the incidence of Turner
syndrone in the general population is perhaps 1/100
conceptions, not live births but conceptions. |If
soneone wants to weigh in with a better nunber, we
are all ears. 1In contrast, the series that has
been reported has an incidence of 23 percent, nore
than 20-fold higher. |If you factor in the
bi ocheni cal pregnanci es, which were very likely
aneupl oid, the figure beconmes higher

We acknowl edge that the confidence
interval around 3/13 is very, very large, but this
is sonething that can't be ignored. There are a
coupl e of scenarios. W can reduce this with
respect to the efficacy question either to a
situation in which ooplasmtransfer has no
beneficial effect on fertility, in which case the
addi tional risks of instrumentation, of
superovul ation and so forth are not reasonable, or

that it does give a boost, in which case the
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potential to bring marginal enbryos that perhaps
shoul d not come to termto a point where sonething
bad m ght happen actually exists. So, this is an
i ssue that we have not heard sufficient discussion
on and that | would Iike for the conmittee to keep
in mnd as we tackle the question.

If we can address the salient safety
i ssues, | just want to say one or two words about
product characterization. There has been | think a
very interesting discussion about what it is that
is doing sonmething. | would like to point out that
the better we characterize the material that is
being transferred, the better we will be able to
manage those risks froma nunber of standpoints.
There will be questions that we will need to
consider both to initiate experinments in what we
call Phase | or safety studies, and there will be
guestions that we will need to confront at the tine
of the licensure which will, indeed, require much
nore detailed information about what is in the
product that is making it work and definitive proof
that the product, in fact, is working.

Wth that brief introduction to the
gquestions, | will yield the floor to our chairnan,

with thanks for his able service, and to all the
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menbers of the comittee and panelists for the
di scussi on today. Thank you.

DR. SALOMON: Thank you very nuch. So,
there are two pages of questions, but sone of them
are nore inportant than others and I will do ny
best to prioritize them

As stated here, to ne, there are a couple
of principal goals. The first is to determni ne
whet her there are data avail able right now that
support the safety or support the rationale for
ooplasmtransfer that is sufficient to justify any
perceived risk involved in the clinical trial. W
need to deal with that.

W al so need to determ ne a separate
i ssue, what additional data are needed prior to
initiation of a broader use of this technol ogy or
clinical trials if the first discussion should cone
to the conclusion that clinical trials shouldn't go
forward

So, | think there are a couple of
different options that the comittee can now
consider. You can consider that, no, there is not
enough data; no clinical trials. But you can't
just say that. You have to say what exactly has to

be done. W have to cone to sone grips with the
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concept of where is the bar going to be set for
this. W can also say, no, there is sufficient
data; go forward with clinical trials but, in
paral l el, we need additional data. You know, you
need to be show us evidence that the field is
wor ki ng on these additional data but we can al so
then go forward and tal k about what is a good
clinical trial. So, | think that is a mgjor issue.
W can't leave without really trying to come to
grips with it.

A second mmjor issue to ne is regardless
of the answer to either of those, even though they
have such inportant inmediate inplications, another
i ssue here is to begin at least a dialogue with the
conmmunity regardi ng what you will need to
characterize this product. | nean, that is going
to be sonething that you can't change. Wether we
are tal king about islet transplantation
t herapeutic gene transfer in any nunber of cells,
stemcells of any sort, you have to have a sense of
product. W are not tal king about, "hey, trust ne
with this wonderfully ethical group of scientists,”
it has to be, "trust ne, we are going to do this in
40 centers, in 50 states and charge noney for it."

| mean, that is okay. That is fine; that is the
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Anerican way. But in the process of doing that,
the direction that the FDA has to have fromus is
how you are going to nmake sure that in 50 states
and 50 places or 100 places, or whatever, there is
a sense of objective nmeasurenents for the quality
of the product, what we call lot release criteria.
Those things are much nore difficult to doin a
biologic. | knowthat. W all know that. But
they are not inpossible.

So, with that background let's start kind
of with the first concept. | amgetting off the
strict question order a little bit but I am going
to do that on purpose. So, the first question here
is we have heard the clinical presentations and
have to start with a discussion of is there enough
data, preclinical or clinical, right nowto do a
human clinical trial? Let's assune that that is a
really good clinical trial that is going to answer
a question, just are we confortable doing a
clinical trial or should we say, no, we are not
confortable; it should be put on hold and then we
have to set a bar?

M5. WOLFSON: Well, as one of the few
non-scientists here, first of all, I would like to

say | really thought that Lori posed very

293



© 0 N o o b~ W N P

N NN N NN RBP R R R R B R R R R
O A W N B O © 0 N © 01 A W N KL O

294
i nteresting questions and | don't think you can
answer your question w thout kind of addressing al
of those questions.

From what | have heard and what | have
read up to this point, |I do not think we have
enough clinical data to all ow human studies in any
form | think that there are so nmany things that
have to be answered that haven't been answered.
When Lori spoke about inforned consent, | thought
to nyself, well, it is one thing for a couple to
give informed consent for any dangers that they
nm ght encounter, but how can they give inforned
consent for future generations? | would even
wonder if they could really give informed consent
for their own possible child if there is a risk
that, for instance, there is a 23 percent chance
that that child would have Turner syndrone?

I think these questions have to be
addressed. | don't think we got enough information
here today to say that there is enough clinical
data out there at all.

DR SALOMON: Okay, that is clear. What
are other thoughts here?

DR NAVI AUX: An alternative to that would

be a Iimted nunber of expert centers, one, two--a
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smal | nunber that woul d be gui ded by the
recommendati ons of this body in obtaining sone of
the hunan data that is necessary in the process of
offering the technique. | will leave it at that
for now.

M5. WOLFSON: Just a point of
clarification, do you nean human data as in
pregnanci es, or are you talking about
experinmentation with human enbryos?

DR. NAVIAUX: | think there are practica
difficulties. W definitely need the enbryo
research but we have kind of left the human
reproductive technol ogy people out on a linb
wi t hout any support because there is no nechani sm
for funding human ganete research. So, yes, | we
need that data but, you know, in the U S. there may
not be a mechani sm and sonmeone can correct ne
per haps.

DR. SALOMON: Dr. Sausville?

DR SAUSVILLE: | think there returns a
little bit to the inportance of the ani nal
experiments that were discussed previously.
Recogni zi ng that the | ack of support for human
ganete rel ated research and subsequent production

of zygotes is an issue that is ultimtely one that
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this conmttee does not have the purview to, shal
we say, change, | do think that the scientific
rati onal e that m ght emerge froma considerably
| arger body of research that can be funded on
animal -rel ated matters woul d i ncrease ny enthusi asm
for the possibility, and possibly the fact, that
there is sonething actually happening here. W
heard that we don't know what components of this
process convey a sal ubrious outcone. Maybe the
whol e conbi nati on of things is necessary, but then
that gets to the product issue that was raised. |
nmean, do you define this product as having a | ot of
ATP? Do you define it as having a certain mnimm
| evel of ATP or calcium or whatever you favorite
conponent is?

So, to ne, while |I actually want the field
to nove ahead and potentially give what benefit it
can within the context of its limtations, | just
feel that in conparison to nany other therapies
that have come to this committee before, some of
whi ch are very specialized, in each case the
proponents were able to nmake the scientific case
preclinically for the ones that went forward; that
there was a basis for actually regarding this as an

ultimately successful outcone and | don't actually
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see that here.

DR SALOMON:  Lori?

M5. KNOALES: | just want to nake the
point that it is true, and we are obvi ously not
going to discuss it at any length, that there is a
| ack of publicly funded human enbryo research, but
there is private noney for human enbryo research
and the fact that there isn't public noney for it
doesn't, to ne, say that then you skip that stage
and do the experinentation in humans, |ive humans.

So, if you actually want to be able to
offer this technique and nake nobney fromit, you
have to do the experinentation that shows that it
is safe. It is just part of the equation, the way
that | see it.

DR SALOMON: | just want to point out
that here is where it gets kind of conplicated
because we have to be very careful. One is talking
about efficacy and one is tal king about safety.
am not saying that we don't have to discuss both
but we need to be careful. Ed is talking about
efficacy and | was tal king about efficacy, and now
you kind of throwin safety, that is okay but we
need to be sure that we stay intellectually clear

that the donmains of safety and efficacy are
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different.

M5. KNOALES: Right, and | actually agree.
My feeling is exactly what you were saying, that
there are all kinds of infornmation that we can get
fromani mal nodel s--it sounds |ike, about the
ef ficacy.

DR SAUSVILLE: And | would go so far as
to say that both safety and efficacy are uncertain
to ne.

DR. VAN BLERKOM As far as efficacy, we
are dealing with long-standing infertile couples,
worren whet her have been through lots of treatnents
unsuccessfully. What ani mal nodel do you propose
that will be relevant? | nean, as far as a nouse,
put in cytoplasmand get mce. Wuld you use a
primate nodel. | don't know if there are any
| ong-standing infertile Macaques. Maybe there are.
So, | am not sure about the rel evancy specifically
of ani mal nodel s.

I think the basic question is, is this
effective? If you look at all the publications on
cytoplasmtransfer, they all say we don't know that
this is effective. W don't know what is causing,
i f anything, a boost in efficacy. So, | think in

reality what it is going to come down to is that
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the only systemthat is really suitable for a test
of efficacy is going to be the hunman. | just don't
see an ani mal system providing the types of
i nformati on that you would like to see.

DR SAUSVILLE: | would respectfully
suggest that while |I can understand the ultimate
human rel evance of both the use of the procedure
and the judgnent of its value, what we are tal king
about here is the setting up of some boundary
condi tions which would begin to be able to be
applied to that which is used in this critica
human experinment. | nean, the very presentation
that | believe cane fromyou showed that there is a
great deal of variability in terms of where you
stick the needle, the different types of eggs--I
mean, this becones very problematic, therefore, for
deci di ng how we woul d set up the human experiments,
at least to me it does.

DR. VAN BLERKOM That is the whol e point.
I think the human experinent is unique, unique in
the sense that | think there are confoundi ng i ssues
t hat happen in human eggs that you are not going to
find in other species.

DR SIEGEL: My | interrupt? W really

need to focus this in a context that will be nore
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useful to us if we are trying to deal with the
guestions. The question you asked is whether there
i s enough data to do clinical research but then you
are focusing on the efficacy side. W worded our
guestion somewhat differently, and for a reason

and that has to do with what our regul atory
authorities are. | would like to have this

di scussion within the context of what our

regul atory authorities are.

So, your question bears sone significant
simlarity to question nunber three, which | would
like to take just a nonment to read and explain the
context of why it is worded that way. Are these
data, referring to the clinical and preclinica
data currently availability, sufficient to
determ ne that ooplasmtransfer does not present an
unr easonabl e and significant risk to of fspring and
not her, and to support further clinica
i nvestigations?

The deterninati on we need to make
specifically is whether there is an unreasonabl e
and significant risk. That is largely a safety
det erm nati on, but what risks are reasonably and
what risks are not reasonable is clearly linked to

the i ssues of what disease is being treated, what
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