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PROCEEDI NGS

DR. SALOMON: Welcone this norning to the
Bi ol ogi cal Response Modifiers Advisory Committee.
| have been conpl ai ni ng about the lack of titles
but at |east they had nunmbers but ow they don't
even have a nunber here. Oh yes, we do, neeting
nunber 32. Eventually they will get the idea and
give me titles.

I am Dan Sal onon. | have the pl easure of
chairing the conmttee today. Wat we are going to
do this norning is have about a one-hour open
session here that | guess merges into a closed
session at 8:45. Then, there will be a break at
9:00 and at 9:00 we will get into the nmain topic of
the morning. So, a lot of things like introducing
the nenbers of the committee I will save for nine
o'clock if you guys will forgive the lack of ponp
and circunstance this early in the norning. | also
reserve the right to say sonething totally stupid
for the next hour since | amfrom California and it
is awfully early for me right now.

Wt hout any further ado, we shoul d get
going. It is Amy getting up there, Amy Rosenberg
fromthe Laboratory of Gene Regul ation, to give us

an update on research prograns, and that will be
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foll owed by Ezio Bonvini, fromthe Laboratory of
| mmunobi ol ogy.
Updat e Research Program
Laboratory of Gene Regul ation

DR. ROSENBERG | am actually the Director
of the Division of Therapeutic Proteins, and | am
here to speak for Ed Max and Serge Beaucage, who
are nenbers of the Laboratory of Gene Regul ation
who, unfortunately, could not be here today.

This is a followup to the site visit and
I will run through the followup for Dr. Max first.
Dr. Max works with three research scientists, as
you can see here. The non-research
responsibilities of a laboratory include prinmary
review responsibility for several cytokines and
t hronbol yti cs and anticoagul ants. They
additionally provide expert consultation on issues
of nol ecul ar bi ol ogy, particularly quantitative PCR
assays and i nmunogl obulin genes. |n addition, Dr.
Max perfornms a lot of adnministrative functions. He
is the associate director for research in OTRR and,
as well, he organizes semna series; he chairs the
research coordi nating comrittee; and he manages the
CBER library.

The projects that are ongoing in his
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| aboratory, two were prinmarily dealt with in the
site visit, mechani sms of inmunogl obulin isotype
swi tching and characterization of the human 3

i mmunogl obul i n heavy chai n enhancer conpl ex.

The m ssion rel evance of the research is
listed here. Regarding gene regul ation, FDA
regul ates strategies to alter gene expression
Basically, we have a lot of products being produced
by knock-in technology. Insulators are now
becom ng increasingly inportant in transgenic
ani mal s. Regarding isotype switching, there is a
little nore activity, in fact. There are specific
strategies to have TH2 to THL switches. So,

i ncreasing 1gG decreasing |IgE to protect against
allergic type reactions. Additionally, our

di vision regul ates several agents that are known to
directly affect isotype swi tching, cytokines IL4,
TG beta and CD40 ligand. As we all fervently
bel i eve, good basic science enabl es appropriate
regul ati on.

Dealing with the first project, nmechani sns
of i nmmunogl obulin isotype switching, this is just
to remnd you that isotype switching involves a
swi tch reconbi nati on event which juxtaposes VDJ

segnments with downstream constant regions of
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di fferent isotype genes.

The first aspect of this project involves
a study of the Ku protein conplex, how does this
participate in inmmnogl obulin gene reconbination?
Ku protein has been found to be key in sealing
doubl e- stranded DNA breaks, and it is found that
during isotype switching this protein increases in
B cells and that knockout mce that are deficient
for Ku seal DNA breaks inappropriately. Since the
site visit, this laboratory has cloned additiona
breakpoints in tumors from Ku knockouts that they
are trying to characterize to clarify the role of
Ku in sealing these doubl e-stranded breaks.

The second aspect of this project involves
characterization or identification of the role of
the ATM proteins in switch reconbination. This is
a collaboration with Dr. Hodes at NCI. They found
that the ATM knockout nice show a defect in isotype
switch reconbination intrinsic to B cells, and
since the site visit they have basically adapted
their assay to becone really a quantitative assay
so that they can nore accurately neasure the degree
of switch reconbination

Regar di ng the second project, which is the

characterization of the human 3' 1gH enhancer



© 0 N o o b~ W N P

N NN N NN P R R R R R R R R R
g A W N B O © ® N © 01 A W N KL O

conpl ex, there are many aspects that they are

i nvestigating, one, the genom c nei ghborhood. That
aspect has been conpleted. The human IgH 3
enhancer conplex in humans resulting froma
duplication event that causes |arge segnments to be
duplicated so that downstream of C-al pha 1 and
C-al pha 2 constant regions the | aboratory
characterized these nearly identical enhancer

conpl exes, each composed of a strong enhancer

desi gnat ed HS12, which are flanked by two weaker
enhancers, HS3 and HS4. Both HS12 enhancers are
fl anked by inverted repeats.

So, they went on to study the functional
motifs in HS12 and other 3' enhancers. The have
identified functional nmotifs in the enhancers by
sequence conservati on between the hunan enhancers
and the rmurine honol ogs. They have performed in
vivo footprinting using LM PCR, and they have
perfornmed transient transfections with luciferase
reporter constructs that are driven by enhancers
mutated in putative functional notifs.

Regarding this aspect, since the site
visit the |aboratory has used DNA swan protection
as an alternative technique for in vivo

footprinting. They have extended the footprinting
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anal ysis outside the evolutionary conserved cores
of the HS12 and HS4 areas, and they have
constructed and tested additional reporter plasnmd
cont ai ni ng DNA outside the core enhancers.

Wth regard to the response of this
enhancer conmplex to IL4 and CD40 ligand, it is
found that these are factors, which are TH2
stimuli, actually inhibited the action of the HS12
enhancer in the germinal center B cell I|ines.

O her enhancers, an endogenous one here, were
unaffected. Since the site visit they have

i nvestigated candidate |IL4 or CD40 responsive

el ements in the HS12 enhancer by constructing
reporter plasnmid driven by multinmerized candi date
enhancer notifs.

Regardi ng the | ast project, |ooking at
| ocus control region function in chromatin, they
found that there is a CPGisland within a cluster
of DNA swan hypersensitivity sites that showed the
activity of gene insulators. So, the |evel of
transcription in the nornmal situation is here. |If
you have gene insulators it cuts down dranmatically,
and these CPG islands as well cut down dramatically
on transcription. So, since the site visit they

have constructed additional plasnd to define the
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active insulator elenent. They are al so searching
for a possibl e honol ogous insul ator downstream of
t he muri ne enhancers.

Addi tional studies in progress involve
chromatin i munoprecipitation studies to identify
transcription factors found to be enhancers in
vivo, and they are using single cell assays for the
3' enhancer function using stable transfectants of
GFP constructs. That is the followup on the Max
| ab.

DR. SALOMON: Thank you, Any. | feel bad
for Alice since she is an attorney and she cane in
alittle late, she is going to have trouble with
the test questions on enhancer

[ Laught er]

W will try and help you through it. The
next is fromthe representing the | aboratory of
i mmunobi ol ogy.

DR. ROSENBERG No, | have to give
followup on Dr. Beaucage. | amsorry. So, the
| aboratory of Dr. Beaucage, he works with five
postdoctoral fellows. His regulatory
responsibilities include primry review of
hemat ol ogi ¢ products, enzyne repl acenent therapies,

anti-cancer enzymes and thronbolytics. He provides

10
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expert consultation on all of the nucleotide

di agnostic kits with the Center's Ofice of Blood.
He has large responsibility for helping to draft

t he guidance for industry on subnission of CMC

i nformati on for synthetic oligonucl eotides. He has
al so performed sone inspections regarding
hemat ol ogi ¢ products and thronbol ytics.

Overvi ew of his program-as you know, he
is an oligonucl eotide chemst, and he is
responsible in large part for devel opnent of the
phosphorami dite nmethod so he has three ngjor
efforts. The first is effects in devel opnent of
deoxyri bonucl eoti de cyclic anacyl phosphorani det es
and stereo-controlled synthesis of oligonucleotide
phosphorofi oates for potential therapeutic
applications.

Essentially, since the site visit the
group has optimzed the coupling efficiency of
deoxynucl eosi de cyclic anacyl phosphoranidites to
enabl e synthesis of nucl ease-resistant P
st ereo-defined oligonucl eotides containing all four
nucl eotides. They found that pryrrolidin and DBU
are the preferred bases for efficient coupling of
deoxyri bonucl eoti de acyl phosphorani dites

uncontrolled for GLAS, which is inportant for
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potential applications for mcroarray. They
published a paper in the Journal of the Anerican
Chemical Society, describing the devel opment of a
sinple NVR nmethod to deternine the absol ute
configuration of deoxyribonucl eotide
phosphoram dites at phosphorus, and the findings,
agai n, have appeared in the Journal. They are al so
working to inprove the resistance of CPG
ol i gonucl eotides to nucl ease activities by using
P-stereo defined oligos.

The second effort involves efforts towards
t he di scovery of phosphodi ester protecting groups
for potential applications to |arge-scale
producti on of al phalation free therapeutic
ol i gonucl eoti des and to the synthesis of
ol i gonucl eotides on nicroarrays. They found that
t he 3-NN-di net hyl carboxymedopropryl group--this
group right here, is a novel phosphate
t hi ophosphate protecting group for solid phase
synthesis that has recently been devel oped. The
nmonomers which are required are easily prepared
frominexpensive raw materials. The protecting
group can be renpved fromthe oligonucl eotides
under the basic conditions that are used

standardly, and, thus, it is actually a very
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conveni ent protecting group. But, nost
i mportantly, the thermolytic properties of the
protecting group are particularly attractive to the
synt hesi s of DNA ol igonucl eotides on mcroarrays
because it minimzes exposure of the arrays to the
harsh nucl eophilic conditions used for
ol i gonucl eotide protection. So, these conditions
are actually quite mld and favorable.

The third effort is involved in the
devel opnent of thernmophilic 5 hydoxyl protecting
groups for nucl eoside or nucleotides for synthesis
of , again, DNA oligos on nicroarrays. The
t hernol yti ¢ phosphate protecting groups described
inthe site visit report have been applied to the
protecting group in the 5 hydroxyl of nucl eosides
as carbonates, but this was found to be quite
inpractical. Recently the |aboratory has
di scovered that the 5 O and nethyl, 1 phenyl nethyl
oxycar bi nol protecting group can be thernmolytically
cl eaved from nucl eosi des in aqueous ethanol wthin
10 minutes at 90 degrees. Here is the loss of this
protecting group.

Interestingly enough, this fornms a
fluorescent byproduct and it pernits the accurate

determ nation of the D-protection deficiency. The

13
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protecting group appears to be stable in organic
solvents at anmbient tenperature, which also again
makes it increasingly attractive to the synthesis
of oligonucleotides on mcroarrays. That is the
followup for the Beaucage | ab

DR. SALOMON: | think soneone shoul d get
the message back to themthat you have represented
themreally remarkably well. That was a beauti ful
presentation of not your own | aboratory efforts. |
t hi nk anybody who didn't know t hat woul d have had a
clue that this wasn't your own work.

DR. ROSENBERG  That is because they
didn't ask questions.

[ Laught er]

Thank you very much, Dan, | do appreciate

DR SALOMON: It is also a representation
of the kind of quality work going on at the FDA
My only regret is there aren't enough people in the
audi ence that should hear that kind of thing
because that is sonething that we should have saved
for the end of day when there are a | ot of people
here. The next presentation is from Ezio Bonvini
t he Laboratory of | nmunobi ol ogy, Division of

Monocl onal Anti bodi es.
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Laborat ory of | munobi ol ogy

DR. BONVINI: Thank you very nuch. |
would like to thank Dr. Sal onon and the nenbers of
the advi sory committee.

My duty today is to summarize the work
that we have done, and the focus of mny |aboratory
is on the regul ation of phospholipase C gamma
activation in inmmne cells. The laboratory is
operationally divided into two inter-related units,
one focusing on the coupling of Cgamm-1 to the
antigen receptor TMB cells. The second, which is
headed by Dr. Rellahan, |ooks at the control of
phosphol i pase C activation, and in particular the
control mediated by a conplex nolecule called

C- Cbl

Recapi tul ati ng the functional division, we

have two interacting units, one that | coordinate
which is currently made up of a research assistant,
Karen DeBell, and a postdoctoral fellow, Carnen
Serrano. | would also like to acknow edge past

post doctoral nenbers of the |aboratory that, in one
way or another, have contributed to this project,
and they have actually all left and found

enpl oynment el sewhere.

Dr. Rellahan has one pernanent staff

15
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menber, Dr. Laurie Graham a |ab associate, and she
al so enjoys the benefit of a number of students who
have actually contributed during the sunmer to her
proj ect.

Now, we do what we do for a nunber of
reasons. The |laboratory has the regul atory
responsi bility for nonocl onal anti bodi es and
protein directed against T-cells for the purpose of
i Mmune suppression or inmunonodul ation. Mre and
nore so, these antibodies interact with surface
receptors that interfere either in signalling
bl ockade or signalling nmanipulation with the
pur pose of i munonodul ati on. Furthernore, signa
transvection targeting can be used as surrogate for
pot ency of biologics. A nunber of biologics and a
nunber of nonocl onal antibodies, also trigger a
nunber of adverse events to undesired signaling.
Anot her fundanental reason is the famliarity with
t he know edge base and technol ogy.

The focus on PLC- ganma, PLC- gamma
regul ates cal ciumnobilization in a variety of
cells, including inmmune cells, and | don't think I
need to go any further for this audi ence but
calciumis a critical conmponent in control for

transcriptional activation through a nunber of

16
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el ements, one of which is an inportant el enment,
cal ci neurin phosphatase as a target for a nunber of
drugs; the other path being cal ci um dependent
protei nases. The duration of the effects of the
flux of calciumcontrols a nunber of cellular
responses with a prol onged cal cium flux being a
requi renent for i munoconpetence. As | said
earlier, a nunmber of cal cium dependent pat hways are
a target of immunosuppressive structures which
i ncl ude cycl osporin A, anong ot hers.

Again, | don't think I can go through the
data in detail, but what | would [ike to give you
is a flavor for how conmplex PLC-gamma is. This is
the nmol ecul e which is a cytoplasnic nol ecul e which
contai ns a nunber of separate domains. The
nol ecul es need to be recruited to the surface where
the substrate where PTdinsP, a lipid, resides, and
needs to undergo presumably a confirmation or
nodi fication to bridge together the X and Y donai ns
of the catal ytic subdonain.

Qur focus has been largely on the
cytochronol ogy 2 donmai n, which are individual
domai ns whi ch are known to interact with cal ci um
and phosphorolytic protein and the cytochronol ogy 3

domai ns which are known to interact with the
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protein rich region. Wen we started these
i nvestigations, the nechani smof activation of
PLC-ganmma was | argely unknown or misinterpreted, |
shoul d say, so we focused on this largely because
by their own nature we thought they were
responsi ble for targeting phosphol i pase C ganma
with a nunber of regulatory proteins. So, we
pursued this by mutational analysis of the enzyne,
and recently we obviously focused on a nunber of
other domains but | will not go into any of this.

This enzyne is regul ated by
phosphoryl ation, and there are at |east four known
targets in phosphorylation, here in yellow and
that is also another focus of our investigation but
we use studies of phosphorylation sonewhat as a
surrogate marker for activation

So, I will briefly summarize the results
of our studies, which have all been published, and
I will split themvertically into the different
domai ns. The cytochronol ogy of amino-2 term na
domain is the nost critical domain in the
activation of PLGganmme-1 in T and B cells. This
domain is required in sufficient phosphorylation
It is required for nmenbrane translocation and this

requirenent, we think, is required for activation
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because its activation correlates with the degree
of phosphorylation. Wat this domain does is bind
a nunber of adapters which were recently
di scovered. One is Lat which we identified in
col l aboration with Larry Samuel son. The other is
BLnk which we identified in collaboration with Tom
Korozaky, who actually cloned it. The
cytochronol ogy to the C dommi n appeared to be
di spensabl e for phosphoryl ati on of nenbrane
translocation, although it is required for
activation in vivo, and the function of this domain
is largely unknown, but since the site visit report
we have gained quite a nunber of insights and this
is avery critical domain to investigate as it
pertains to the ability of PLC-gamm to couple to a
nunber of different pathways, including
co-stimulatory pathways, and to a function of
PLC-gamma that is independent of this catalytic
activity.

The cytochronmol ogy 3 dommi n appears to be
di spensabl e phosphoryl ati on, however, enhances
menbrane translocation, and I will provide a
sunmary at the end of how it does that, and by
virtue of its announcenment of menbrane

transl ocati on, enhanced activation of the enzyne in
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vivo. Its function, we have identified binding to
the protocol gene C-Chl and Art W zer's group, one
of the leaders in the field, has shown that the
domain binds with Lp-76, another adaptive nol ecul e.
O course, | don't have the tine to go
through all the details but | just want to
sunmari ze again sonme of the nilestones that we have
achi eved since we started this project. Wth
respect to PLC coupling to the receptor, we
reported initially that PLC-gama-1 SS-2 domai n was
critical for coupling it to the T-cell receptor.
Then, we explored the role of cytochronol ogy domain
of PLC-gamma coupling to the B cell receptor.
Recently we have focused on the ability of menbrane
raft, which are a microdomain, to function at the
m crodonmai n that segregates PLC-gamma and ot her
nmol ecul es for their regulators, and we have shown
that reconpartnentalization of PLC-gamma to this
mcrodonain is, in itself, sufficient to lead to
PLC-ganma activation, activation of the cells and

I L-2 separation.

Wth respect to the negative regul ation of

PLC-ganmma, which is the focus of Dr. Rellahan's
research, we have shown that C-Chl inhibits

TCR-i nduced 81 activation, a reporter gene whose

20
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activation depends on raft and isoglycerol, and
i sogl ycerol is under the control of PLC gamma.
PLC-gamma-1 binds C-Cbl in its HS-3 domain and
C-Cbl exerts inhibitory function, however, it
transforms a counterpart of C Cbl-70Z-3 Cbl which
| acks the ability of C-Cbl nol ecul e to ubiquinate
the target protein. This nolecule, 76-C Cbl,
activates PLC-gammma and does so through a
differential pathway, a pathway which is not shared
conpletely by the T cell receptors, suggesting the
possibility of regulation of PLC gamma through an
al ternate nechani sm of activation

Rat her than goi ng through data, | would
like to give you a nodel that will try to sunmmarize
our findings with those of other |aboratories and

put everything together.

This is a schematic TCR receptor. The TCR

receptor interacts with the antigen it encounters
of antigen presenting cells. Now, in the nenbrane
of many cells, including T cells, it is
honbgeneous. Depicted here in red are rats which
contain a nunber of different nolecules, including
the Lck which is brought together through the
T-cell receptor by the action of the antigen into

the raft. The rafts contain an adaptor nol ecul e,

21
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called raft, which we have shown to interact with
phosphol i pase C. This occurs subsequent to
phosphoryl ati on of Lck of the CD3 nol ecul es which
are associated with the al pha and beta chain of the
T cell receptor. Follow ng phosphoryl ation, a
cytopl asmi c kinase called Zap 70 is recruited, and
it is the Zap 70 that phosphoryl ates these ot her
transmenbrane adapters into the rat.

This is the signal that tells PLC gamm,
which is a cytoplasnm c enzynme which is
constitutively bound to the Lck-76 through the
SSS-3 domain. That is the signal to recruit
PLC-gamma t hrough the ami no term ni cytochronol ogy
to this adaptor. This interaction is further
stabilized by the presence of Gads, a second
adaptor nol ecule, which interacts with Lck-76 and,
inturn, interacts with the cytochronol ogy-2
domain. That explains the contribution of the
cytochronol ogy-3 domain to stabilize the
i nteraction of PLC-gamma to the menbrane.

PLC-gamma in the raft conpartnent can be
phosphoryl ated by a number of kinases which are
either present in the raft conpartment, such as
RLK, or recruited to the raft conpartnent via the

action of another specialized phosphorylated lipid
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PI P-3, such as ITK. These are a nenber of the TAK
fam |y of kinase which are a nember of the
subfam |y of kinase, although their mechani sm of
regulation is different. The contribution of Lck
and RLK in our hands shows that it leads to
phosphoryl ati on of PLC-gamm-1 which presumably
i nduces a confirmation of nodification of PLC gama
and the ability of PLC-ganma to activate and
nobi | i ze cal ci um

Qur data showed that if we artificially
target PLC-gamma through the lipid raft we
basi cally bypass this entire initial phase,
al t hough Lck and RLK are still required, presunably
because of their contribution to the
phosphorylation. Artificially targeted PLC ganma
to the raft conpartnent is phosphorylated and is
active bypassing the receptor entirely. So, this
is a dom nant, positive variant of the PLC- gammma.

What happened with the negative
regul ation, initial phase is the same and PLC-gama
is interacting with the Lck-76. C-Cbl binds to the
SU- 3 donain of PLC-gamma very nuch in the manner
seen with Lck-76. So, there is probably
conpetition by a nechani smwhich we still don't

understand. C-Cbl is also phosphorylated in
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response to activation of the T cell receptor and
that leads to inhibition of PLC-gamma presunably
via a nechani smof ubiquitilation. W are stil

i nvestigating this, however, data that confirmthat
this may be the case is that the variant to 73-Z
C-Cbl, and we now have data w th another variant
that is Ub-ligase deficient, which results in the
dephosphoryl ati on of PLC-gamma by a nechani smt hat
we still do not know but that does not require
Lck-76, and that |eads to the activation of
PLC-gamma by a mechanismthat is independent of the
T-cell receptor. So, we believe that C Cbl and
Lck-76 and the equilibrium between the two

coordi nate the assenmbly of the conplex that in one
case is activatory and in the other case is

i nhibitory.

As far as our future plan, we wll
continue to investigate the role of PLC-gamm-1 and
ganma-2 as a second isozyne present preferentially
in B-cells and in other hematopoietic cells where
ganmma-1 is ubiquitously present in all cells. W
wi Il focus further between these two enzynmes and
ot her pathways in the co-stinulatory activation of
T cells.

I nmentioned earlier the function that the
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function of the SS2 domain is still unknown and we
have obtained quite a bit of new exciting results
on the function of this domain and its coupling to
a nunmber of different nolecules, but the bottom
l[ine that | want to give you is that domain
regulates the intrinsic activity of PLC gamma by
intermedi ate internol ecular interaction which
regul ates its opening up and the availability of
t he ot her subdomamins. So, it is a fundanental
mechani sm of regul ation.

W will continue, of course, to
i nvestigate the role and mechani sm of
phosphoryl ati on of PLC-gama. Wat the enzynes are
t hat phosphoryl ate the PLC-gamma are | argely
unknown. W have a candi dates are, as | nentioned
earlier, but what the different candidates do in
terns of individual residues, and there are at
| east four and nostly likely five residues, and
what is the role of the individual residue is stil
qui te uncl ear.

Because we have nade a domi nant positive,
we have now al so devel oped a domi nant negative
PLC-ganmma, and we will certainly ask the question
of the role of PLC-gamm devel oprment by using

transgeni c technology. Finally, and I am not going
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to dwell on this, but we are using technology to
reconpartmentelize PLC-gamma intracellularly by a
condi ti on of mechani sm

Wth respect to the role of C Chl again,
C-Cbl is probably a threshold for activation, and
the inmpact of C-Cbl on the co-stimulatory signal is
the ability of the cell to behave as naive or
menory will be investigated. W are going to
generate some C-Cbl-deficient lines and we are
going to try to do that by a nunber of different
strategies. As | said, we have sonme new data on
the CCbl-nediated with the delineation of
PLC-gamma-1. | can tell you that it is
ubiquitilated. The role of CG-Cbl in this remains
to be determ ned but we have evidence that by using
Ub-ligase to inhibit the CChl negative cells is,
in fact, the case.

Finally, we will try, as | said earlier,
to generate sone C-Cbhl deficient cell Iine using
interferon RNA and that will help us in the study
of kinetics in nmice for PLC-ganma activation.

| just want to | eave you with the nunber
of individuals who have contributed in one way or
another with particular reagents and a nunber of

col | aborators that we have worked with whom | would
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like to acknowl edge for their help in this. And,
will be glad to take any questions.

DR. SALOMON: That was a very nice
presentation and good work, and al so nmy sane
commrents, that | w sh nore people could see the
kind of quality work that is going on in the FDA
oftentines, with a lot |ess support not because of
your fault or the FDA support but just because of
t he budget constraints than we are used to in
academia. It is excellent.

The part that is confusing ne here,
besides the fact that | really amstill asleep, is
that we now have to switch officially to a cl osed
session to vote on accepting the report. Gail wll
make sure that the right people have to |eave.
Anyway, we will see you again very shortly.

[ Wher eupon, the open session was recessed
to continue in closed session and reconvene in open

session at 9:15 a.m]
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PROCEEDI NGS
Wl cone and Administrative Remarks

DR. SALOMON: If we can get everybody to
sit down we will start the main show, | guess we
shoul d say. For the larger group here now, this is
nmeeti ng nunber 32 of the Biological Response
Modi fiers Advisory Conmittee. M nane is Dan
Sal onon. | have the pleasure to chair the neeting
this nmorning. Wat we usually do at the start, as
in many big commttee neetings where a | ot of us
don't know each other initially--we will certainly
get to know each other as the day goes on, is just
to go around the table and introduce yourself, and
make a coupl e of quick sentences about what your
interests are and your scientific expertise. W
can start at that end of the table. Dr. Casper?

DR. CASPER: H. | am Bob Casper, ama
prof essor of obstetrics and gynecol ogy and
physi ol ogy at the University of Toronto, and | am
head of the Division of the Reproductive Sciences.
I have clinically been involved st in vitro
fertilization for several years, and our |aboratory
at the present tine has an interest in
nm t ochondrial research involving agi ng of hunman

oocytes. W have al so been doing some work with
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m tochondrial transfer experiments in mce.

DR SALOMON: There is a button here that
you push and then you have to remenber to turn it
off, otherwise there will be feedback.

DR. KNOWLES: Thank you. | am Lori
Knowes. | amfromthe Hastings Center. | have a
background in international |aw and policy, and |
am princi pal investigator right now of an
i nternational project on reprogenetic regul ation
and affects, and also do work in international stem
cell policy.

DR NAVI AUX: | am Bob Navi aux, fromthe
M tochondrial Metabolic Disease Center at the
University of California, San Diego. M basic work
is in mtochondrial DNA replication, and we al so
have interest in inborn errors of netabolism and
adult and chil dhood mnitochondrial disorders.

DR. SHOUBRIDGE: | am Eric Shoubridge. |
am a professor at McG Il University in the
Departments of Human Genetics and Neurol ogy and
Neurosurgery. | have a research lab at the
Mont real Neurol ogical Institute and our |aboratory
is interested in the basis of mtochondri al
di sease, the nol ecul ar basis, and we are interested

in basic, fundanental aspects of m tochondrial
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geneti cs.

DR. SCHON: My nane is Eric Schon. | ama
prof essor of genetics and devel opment in the
Department of Neurol ogy at Col unbia University, and
| do everything that Eric Shoubridge does.

[ Laught er]

DR. VAN BLERKOM Jon Van Blerkom | am
fromthe University of Col orado, Mol ecul ar Bi ol ogy
Departnment, and | amalso in clinical practice in
invitro fertilization, for about twenty years.

DR. MJURRAY: | am Tom Murray. | amfrom
the Hastings Center these days, after fifteen years
of medi cal schools, nbst recently Case Western
Reserve University. M research has been broadly
in the field of ethics and nedicine and the life
sciences, and | have done a | ot of work on
reproductive technol ogi es, genetics and parents and
chil dren.

DR RAC M nane is Mahendra Rao, and |
am a section chief in stemcell biology at the
National Institute of Aging, and | am a nenber of
this conmttee. M interests are in enbryonic stem
cells and adult stemcells.

DR. MIULLIGAN: | am Richard Milligan. |

am fromthe Harvard Medi cal School, Children's
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Hospital. | ama stemcell person and a gene
transfer person, and a nmenber of BRMAC.

DR SALOMON: | am Dan Salonmon. | amfrom
the Scripps Research Institute and ny |lab is doing
cell transplantation, tissue engi neering,
angi ogenesi s and therapeutic gene delivery.

M5. DAPCLITO Gil Dapolito, Center for
Bi ol ogi cs, executive secretary.

DR SAUSVILLE: Ed Sausville. | amthe
associate director of NCI's Division of Cancer
Treatment and Di agnosis, with responsibility for
t he devel opnent of our therapeutics program and
our interest is in the preclinical studies |eading
to the approval for INDs for drugs and biol ogics.

MS. WOLFSON:  Alice Wlfson. | amthe
consuner representative on the conmittee. | aman
attorney specializing in policy hol der
representation, with particular enphasis on
disability policy holders and their struggles with
their insurance conpanies. | have a strong
interest in health. | ama founder of the Nationa
Wonen's Health Network, and | amparticularly
interested in the social effects of postponing
fertility as well as the social effects of not

postponing fertility and | think it may have, along
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with the scientific elenents in it, the beginnings
of a possibility of a resurgence of another w ng of
t he wonen's novenent.

DR. ROSE: | am Stephen Rose. | amfrom
the National Institute of Health, Ofice of
Bi ot echnol ogy Activities, deputy director for the
recombi nant DNA program

DR MONRCE: | am Scott Mnroe. | amfrom
the Division of Reproductive and Neurol ogi ¢ Drug
Products at CDER. | am an
obstetrici an/ gynecol ogi st and a reproductive
endocri nol ogi st .

DR. SERABI AN: | am Mercedes Serabian. |
am an expert toxicologist with the Ofice of
Therapeutics in the Division of dinical Trials,
and | will be part of the review team at CBER that
will be reviewi ng these I NDs when they come in.

DR MOOS: | am Mal col m Mbos, fromthe
Di vision of Cellular Gene Therapy at the FDA. M
research interests are cell and tissue
specification and patterning, and | am al so
concerned with review of cellular products,
primarily that have to do with that general
bi ol ogi cal area.

DR. HURSH. | am Deborah Hursh. | am al so
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a cellular product reviewer in the Division of Cell
and Gene Therapy, and | have a research | ab

st udyi ng devel opnental biol ogy and signal
transducti on.

DR. NOGUCHI : | am Phil Noguchi. | amthe
director of the Division of Cell and Gene Therapy,
where we see these and ot her novel technol ogies and
continually struggle with doing the right thing.

[ Laught er]

DR SIEGEL: | amJay Siegel. | direct
the Ofice of Therapeutics Research and Revi ew at
the Center for Biologics, FDA

DR. SALOMON: | welcone all of you. |
thi nk one of the privileges of being on the
conmittee and certainly chairing it is the chance
to interact with experts at each of these sessions
that take ne into areas that are often new to ne,
and today is definitely one of those areas. It is
a fantastically inportant discussion that we are
going to have that has a lot of inplications on
what is going to happen over the next several
years. So, | specifically feel a |ot of
responsibility to this particular session and how
we go forward.

There will be sonme nore conments |ater on
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that, just sinple adnm nistrative things. M job,
obviously, is to stay on tine and also to get the
guestions the FDA answered and keep everybody on
track. So, if you will forgive ne sonetines
playing my adninistrative role which sonetimes

i ncl udes being rude. | apol ogize in advance.

The button thing, we have all been through
it. It gets to be a real problemw th feedback and
also with the transcriber. So, if | ever sort of
| ook at you and kind of point to the button, it is
just to let you know. | think that is the major
thing. | want to try and keep track of sort of
what we are going to do next so you will sort of
know where we are goi ng.

What we will do now is a presentation of
the certificate of appreciation to Dr. Ed
Sausville, with sone nore comments to follow that.
Then Gail Dapolito has some official things to read
into the record and then we will start the full
session with Dr. Hursh.

Presentation of Certificate of Appreciation

DR SIECGEL: It is indeed an honor, tinged
with regret at his departure but an honor to speak
of the many services that Dr. Sausville has

provided to us through his participation in BRVAC
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in recent years, and to thank you for them Those
of you on the committee, of course, are aware of
his many thoughtful contributions to the
deliberations to this committee. Sonme of you nay
be sonewhat | ess aware of his many contributions as
a representative of BRMAC to the Oncol ogi cal Drugs
Advi sory Committee and other FDA conmittees to
whi ch we have taken products for consideration of
approval, as well as contributions to our |ab
eval uation and site visiting program

W ask a lot, as you know, of BRMAC
menbers. It ranges from di scussion of the issues
regardi ng nanufacturing a product, viral purity,
protein stability, imrunogenicity, and so forth,
and how we should focus on safety. The issues of
clinical testing of a product; what is the
appropriate trial design to get the answers we need
and what to nake of the answers when those trials
are done; and, of course, as you heard this norning
the i ssues of evaluating our research progranms and
how to nmake sure that they are tied in intimtely
to our mission and our goals and are of the highest
quality.

W choose experts in each and all of these

areas to help us in our functions, but it is rare
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that we have an expert--rare both inside the agency
and outside but very much appreci ated when we have
someone such as Dr. Sausville who really is the
regul atory expert triple threat, who integrates an
under st andi ng of the clinical evaluation of the
basi ¢ science, of the research needed to support
that, and can participate in an integrated
assessment in any of those areas, understanding the
implications for the others. That is what you have
done for us for these several years and it is very
much appreci ated. Thank you very much.

[ Appl ause]

DR. GOODMAN: | know Dr. Zoon and | really
second that and appreciate the trenmendous breadth
of expertise Dr. Sausville has brought. | was
going to stress the sane thing. Fromwhat | have
under st ood and seen, this translational ability
bet ween the | aboratory and the clinical setting,
and an understandi ng of product devel opnent, those
things are just extrenely inportant and we really
appreciate it. W look forward to continuing to
call on you and get your input and help. Thanks
very, very nmuch. So, we have a nice certificate
and pl aque.

[ Appl ause]
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DR. SALOMON. | can't not nake ny own
personal coments, having been together with Ed on
this commttee for four years. | don't know how
many of you have seen the novie "The Scor pion
King." | guess is depends on how ol d your kids
are, but the actor in it is called "The Rock"
because | suppose he is a professional westler as
well. But | really think that he is conpeting with
the real "rock"™ who is Ed Sausville. On any
conmittee like this you have to have a rock. |
nmean, you have to have the one guy who you can
al ways turn to, even though everything has gone to
shreds, and he just hits it right on the head. You
have to shut up and listen to hi mwhenever he says
anything. Really, whenever there has been any ki nd
of issue here, he is one of the people that | cone
to at the break and say, "you know, Ed, what the
heck do we do now?" And, he always has good
advice. This is not good at all, to have Ed
leaving and all | can do is say | will always be
draggi ng you back here, and he is really, really
going to be a loss to the committee. Thank you
Gai |l ?

MS. DAPCLITO | would like to read the

neeting statenent. This announcenent is part of
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the public record for the May 9, 2002 Bi ol ogi cal
Response Modifiers Advisory Committee neeting.

Pursuant to the authority granted under
the Committee Charter, the director of FDA Center
for Biologies Evaluation and Research has appoi nted
Ms. Lori Know es and Drs. Thonmas Murray, Robert
Navi aux, Eric Schon, Eric Shoubridge, Daniel
Sal onobn and Jonat han Van Bl erkom as tenporary
voting menbers for the discussions on issues
related to ooplasmtransfer in assistive
reproduction. In addition, Dr. Sal onbn serves as
the acting chair for this neeting.

To determine if any conflicts of interest
exi sted, the agency reviewed the subnitted agenda
and all financial interests reported by the neeting
participants. In regards to FDA's invited guests,
t he agency has determni ned that the services of
t hese guests are essential. The follow ng
interests are being made public to all ow neeting
partici pants to objectively eval uate any
presentation and/or comments made by the guests
related to the discussions and issues related to
ooplasmtransfer in assisted reproduction.

Dr. Robert Casper is enployed by the

University of Toronto in the Division of
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Reproductive Science at M. Sinai Hospital in
Toronto. Dr. Jacques Cohen is enployed by the St.
Bar nabas Medi cal Center. Dr. Susan Lanzendorf is
enpl oyed by the Eastern Virginia Mdical School at
the Jones Institute of Reproductive Medicine. Drs.
Ay Patterson, Marina O Reilly and Stephen Rose are
enpl oyed by the O fice of Biotechnology Activities,
NI H.

In the event that the discussions involve
ot her products or firns not already on the agenda
for which FDA partici pants have a financi al
interest, the participants are aware of the need to
excl ude thensel ves from such invol verent and their
exclusion will be noted for the public record.

Wth respect to all other neeting
participants, we ask in the interest of fairness
that you state your nane, affiliation, and address
any current or previous financial involvenent wth
any firmwhose product you wi sh to coment upon.
Thank you.

DR. SALOMON: Thank you, Gail. Before we
officially get started, let ne just nmake a couple
of quick coments. That is, the task we have here
is to begin now, through about four o'clock this

afternoon at which point we will have gone through
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a series of presentations on this issue of ooplasm
transfer that clearly touch on sonme absolutely
maj or areas, we encourage you to ask questions and
to set the stage for critical discussions which
will try to keep on time, but also it is so

i mportant that these critical discussions devel op
that we will have to be a little flexible about how
that goes, leading up to a discussion at 4:00 of
speci fic questions that have been put together by
the FDA that will franme issues the FDA wants input
fromus on regardi ng devel opi ng an I ND process for
this field.

The only other conment | want to nmake to
all of you is get your thoughts out on the table.
There is no need to force an agreenent on anybody.
You are nore than welcome to articul ate and defend
a mnority opinion. | don't believe nmy job here is
to come up with sonme absolute consensus. M job is
to identify where consensus can be reached,
however, as well as to have you help us figure out
where there isn't consensus and perhaps ot her
additional efforts in those areas are com ng

W have to nake sure that when we are
done--1 feel very strongly--that we can say to the

public that this was an open, bal anced di scussi on
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of the issues. That is a nmajor responsibility.

If, in the niddl e of discussions, somebody goes,
you know, we are really nissing this piece and we
just don't have it here today, then that should go
into the record as well because | think that is

part of being fair to the whole field.

Wth respect to the audience, | feel you
are as nuch part of this discussion as we are. It
is alittle harder to control you so you will have

to forgive that, but you are certainly not just
wel cone but encouraged to step up at key points of
t he di scussion and bring your expertise and your
viewpoints to it. The rules are sinply to keep it
brief and identify yourself, and realize that with
the conpetition to try to keep everything on time I
will also have to nmanage that. But very much,
pl ease feel part of the discussion that will take
pl ace today.

That is basically it and | amreally
| ooking forward to any di scussion that foll ows and
the diversity of expertise we have here. Wth that
i ntroduction, Dr. Hursh?

Qopl asm Transfer in Assisted Reproduction

FDA I ntroduction

DR HURSH. | would also like to wel cone
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the participants and the audience to this neeting
of the Biol ogical Response Mdifiers Advisory
Commi tt ee.

This is day one of a two-day neeting of
t he Bi ol ogi cal Response Mdifiers Advisory
Conmmittee. On this first day we will discuss
ooplasmtransfer in the treatnment of fenale
infertility. On the second day the topic will be
potential germine transm ssion during gene
therapy. W have chosen to |link these two topics
as both of themdeal with the transfer of genetic
materi al go ganetes, sperm and eggs.

This has occurred in the case of ooplasm
transfer and is a potential inadvertent risk of
gene therapy. 1In both cases heritable genetic
nodi fications will be produced. While the FDA and
t he Reconbi nant DNA Advi sory Committee have
di scussed sone of these issues previously, FDA felt
it was tinmely to have further open public
di scussion on the subject of gene transfer in
ganetes in light of the evidence of new mechani sns,
such as the nani pul ati on of oocytes by which germ
cells can be genetically nodified.

Since today's discussion is focused on

ooplasmtransfer, | will limt the rest of ny
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remarks to that topic. W will hear about this in
much greater detail fromour first two speakers
but, in brief, in ooplasmtransfer 5 percent to 15
percent of an unfertilized egg cytoplasm which is
called ooplasm is transferred froma donor into a
recipient, and is then fertilized in vitro.
Reci pi ents are wonen who have been unable to
concei ve through conventional in vitro
fertilization. The cytoplasm of an oocyte is
consi dered specialized and it contains proteins,
messenger RNAs, small nol ecul es and organelles. It
is not clear which of these conponents is the
putative active conponent of ooplasm but it is
with one of these organelles, the mtochondria,
that we will be primarily concerned wth.

Most of you are probably aware that
nm tochondria are the powerhouse of a cell, the site
where aerobic respiration, the production of energy
usi ng oxygen occurs. But they have other
functions. They are involved in fatty acid
nmet abolism intracellular ion balance and
programed cell death.

As you can see on the schematic di agram
here, they are a very specialized subcellul ar

structure, menbrane bound, and each cell has many,
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many nitochondria to support the energy
requi renents of that cell. | would like to draw
your attention to the little squiggle in the middle
because that is one of the issues about
m tochondria that concerns us here. Perhaps the
nost inmportant feature for our purposes is that,
due to their supposed evolution fromprimtive
bacteria, mitochondria contain their own genone.

The mtochondrial genone is very small.
It is only about 17,000 base pairs as opposed to
several billion for the human genome. However, it
has 37 distinct genes. Unrelated individuals have
di stinct genotypes of mtochondria, so distinct
that they can be used by forensic biologists to
establ i sh rel at edness anong human beings. The
m tochondrial DNA, while snall, is very inportant
because mutati ons associated with mtochondrial DNA
result in human di sease. Wile | realize you
cannot read what is in the balloons, the point of
the schematic diagramhere is this is the circul ar
nm t ochondri al genone and each one of these ball oons
represents positions of nmapped nitochondri al
mut ati ons that result in human di sease.

M t ochondri a obey unusual rul es of

inheritance. In manmals, after fertilization, the
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m tochondria contributed by the spermare
apparently destroyed. Therefore, the only
popul ati on of mitochondria in a devel opi ng enbryo
and in the resultant progeny come fromthe poo
existing in the oocyte prior to fertilization

In general, oocytes therefore get all of
their mtochondria fromthe nother and that
m tochondria is a honbgeneous pool of a single
genetic type. This is a condition that is called
honopl asnmy. This is the nore common situation in
human oocytes. Having two distinct genetic forns,
two distinct pools of mitochondria is | ess conmon
and this is referred to as heteroplasny. Wile
heteropl asny is unusual with wild type
mtochondria, it is actually seen in people who
have nitochondrial di sease where you can have a
popul ati on of rmutant and a popul ation of wild type
nm tochondria co-existing in the sane cell.

In studies of heteroplasny it has been
observed that mtochondrial genotypes can be
partitioned unequally anbng tissues, and | believe
we will hear a great deal nore about this from one
of our speakers this norning, Dr. Eric Shoubridge

So, what happens after ooplasmtransfer?

If there are mitochondria transferred during
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ooplasmtransfer, what is the result? |In March of
2001, a laboratory of Dr. Jacques Cohen reported
that two children born after the ooplasmtransfer
protocol were heteroplasnic, which neans the
genotypes of both the oopl asm donor and the not her
could be detected in their tissues. These children
were approxinmately one year old at the time of this
anal ysis, so this was a persistent heteroplasny
t hat had been nai ntai ned.

At the tinme of Dr. Cohen's publication the
FDA was al ready considering action in the area of
ooplasmtransfer. The report of heteroplasny
rai sed our concerns, as did information in two
pregnanci es occurring after ooplasmtransfer
resulted in fetuses with Turner's syndrone, a
condition where there is only one X chronopsone.

In addition, despite the fact that Dr.
Cohen refers to this as an experinental protoco
that should not be widely used, we felt that it was
begi nning to spread rapidly into clinical practice
inthe United States by 2001. There were at |east
23 children born in the United States after using
ooplasmtransfer. Three United States clinics had
published on this procedure and we, at FDA, were

able to find five additional clinics that were
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advertising this procedure on the internet.

FDA had concerns about whether we
understood all the ramifications of this procedure
and whet her we understood its safety in particular
and reacted by sending letters to practitioners who
were identified by publications on ooplasmtransfer
or by advertisenents offering the procedure. W
advi sed practitioners that we would now require the
submi ssion of an investigational new drug
application, or IND, to the agency and its
subsequent review to continue to treat new
patients. After the letter was issued we had
t el ephone conversations with several practitioners
who wanted to know nore about the | ND subm ssions
procedure.

After these conversations FDA felt this
topic would be well served by open public
transparent di scussion of the ooplasmtransfer
procedure and the data behind it, hence this
nmeeting. The major issue we, at FDA, are trying to
achi eve consensus on at this advisory conmittee
nmeeting is are preclinical and clinical data
supporting the safety and efficacy of ooplasm
transfer sufficient to justify the risks of

clinical trials? |f additional data are needed,
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what types of data would be the nost informative,
what nodel systens, what size studies?

FDA's tasks in regulating new therapies is
to weigh risks and benefits and to deterni ne what
saf equards need to be in place to ensure the safety
of human subjects. That is what we will do with
ooplasmtransfer. VWhile the FDA wel cones
di scussion with all interested parties, our topic
today is very limted. W will, therefore, limt
today's discussion to the science behind oopl asm
transfer and not extend that discussion to FDA's
jurisdiction in general, FDA s proposed rules for
the regul ation of human cells and tissues and ot her
assi sted reproductive technol ogies. Thank you very
nmuch.

DR. SALOMON:. Thank you, Deborah. Unless
there are any pressing questions, | think the
purpose of that was clearly just to set the stage
for what is to follow Wat | wuld like to do is
invite Dr. Susan Lanzendorf to present cytoplasnic
transfer in the human oocyte. She is fromthe
Jones Institute of Reproductive Medicine.

Cytopl asnmic Transfer in the Human
DR. LANZENDORF: | have cone here today to

share sone of the experiences that we have
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encountered at the Jones Institute with the
procedure of cytoplasmtransfer in the hunan.

Cytoplasmic transfer was first considered
at the Jones Institute back in 1990 when an
i nvestigator, a clinical fellow, Flood et al.
reported that the devel opmental potential of
oocytes to mature in vitro can be increased by
injecting with the cytoplasm of oocytes matured in
vivo. This was perforned in the nonkey nodel.

This study found that 13 percent of the
i njected oocytes resulted in pregnancies while none
of the shaminjected or non-surgical controls
resulted in a pregnancy. The investigators felt
that this suggested that factors may be present
within the cytoplasmthat control genetic,
mat ur ati onal and/ or devel oprmental properties.

Then, in 1997, Cohen and coworkers
reported the first human pregnancy fromthe
transfer of cytoplasm from donor eggs. They
reported that the goal of the procedure was to
provi de healthy cytoplasnic factors to the eggs of
the patients who repeatedly produce enbryos of poor
quality.

W were very interested in this report.

W see a |lot of patients who cone through in vitro
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fertilization who repeatedly fail to achieve a
pregnancy and many tinmes we are at a | oss on how to
continue treatment in these patients who just don't
seemto get pregnant. So, we approached our
institutional review board to see if we could

i nvestigate this procedure.

We decided to | ook at two groups of
patients, in one of which the wife is 40 years of
age or older, or in couples who have had at | east
two previous |VF attenpts which resulted in only
poor quality enbryos. In in vitro fertilization we
have found that when you transfer enbryos that have
an ideal norphology they result in a higher
pregnancy rate than those who have | ess than an
i deal norphol ogy. So, this was an attenpt to try
to inprove this and, hopefully, increase the
pregnancy rate.

Again, we put this to the institutional
revi ew board and we requested perm ssion to do this
with 15 consenting patients. W worked very hard
on our consent form being that this was a
procedure where very, very little was known. So,
of course, we tried to enphasize to the patients
the risks that they might encounter, including that

the effect of the procedure on the couple's eggs or

50



© 0 N o o b~ W N P

N NN N NN RBP R R R R R R R R R
g A W N B O © ® N © 0 A W N KL O

their ability to establish a pregnancy totally
unknown. \What is also unknown is if the procedure
woul d i ncrease the risk of obstetric conplications,
or if the thawed donor eggs woul d even survive. |
shoul d point out here that we used frozen and

t hawed donor eggs for our procedure. So, we
enphasi zed to the patient that if the thawed eggs
didn't survive the procedure would not be perfornmed
and they may not get a transfer. |In addition, the
patient's eggs nay not survive the procedure or
they may fail to fertilize and devel op normally and
they woul d not obtain a transfer.

We al so enphasi zed the risk to the
offspring. It is not known if the procedure would
i ncrease risk of obstetric conplications or fetal
abnormalities. The eggs could be damaged in sone
way that could affect the offspring. And, there
was the possibility that genetic material could be
transferred fromthe egg donor to the patient's
eggs and it is unknown if this could adversely
af fect the offspring.

In our consent formwe did break this out
into tal king and making clear to the patient that
there are two types of genetic material, DNA from

the nucl eus of the egg and the DNA fromthe
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m tochondria. So, we were careful to make them
understand that the two different possibilities of
genetic material could be transferred.

The consent form al so stressed that
because the procedure is so newthere is no way to
determ ne what the exact risks are, or at what rate
the risks occur. |In our other consent forms we try
to say, you know, we have seen a 50 percent
survival rate, or we have seen a 60 percent
pregnancy rate but we couldn't even do this with
this procedure because it is so new so we
enphasi zed this to them

It was al so recommended that all of the
pati ents who achi eve a pregnancy have an
ami ocentesi s regardless of their age. Then, of
course, the boiler plate other risks that cannot be
identified at that tine.

This is just to show you quickly how we
performthe procedure. Again, we used
frozen-thawed donor eggs so the donor eggs that
contributed the cytoplasmwere collected and
cryopreserved at a previous state. Then, when the
pati ent cane through on the day of their aspiration
and cytoplasmtransfer, the donor eggs were thawed.

So, before we get here what we will have
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done is--this is the pipet here that we also use to
do the donation. This is the egg-hol ding pipet

whi ch just holds the egg in place. This is the
egg. So, prior to getting here we would have got a
drop of sperm and picked up a spermfromthe
patient's husband and |l oaded it in the pipet. W
then take this pipet with the spermand insert it
into the donor egg. Then, once in the donor egg,
we draw up cytoplasmthat will be transferred.

We then nove to the recipient's egg, the
patient in this scenario, and then put that pipet
into the egg, inject that cytoplasminto the egg,
along with the husband's sperm Actually, what
occurs is the cytoplasmtransfer and the
utilization of the egg at the sane tine.

Qur results, we had eight patients in
ei ght cycles who were 40 years of age or over, wth
an average age of 44. The procedure did not appear
to have an effect on enbryo quality. | say "did
not appear" because there are too few nunbers of
actual enbryos to conpare with other enbryos to
make a significant conclusion. No pregnhancies were
established in any of these eight patients.

In the same 40 years or ol der group, 39

eggs were retrieved, with a nmean of 3.2 eggs per
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patient. This is low but is nornmal in patients in
this age group. W had a 54 percent fertilization
rate, and this would be with the cytoplasmtransfer
occurring at the same tine. To do these
procedures, we had to use cytoplasm from ni ne donor
eggs, and these donors ranged in age from25 to 29.
O the donor eggs, 62 percent survived the thaw
procedure and were used.

W had three patients who cane through who
had a history of poor quality enbryos. Actually,
this is the group of patients that we thought we
could really help with this procedure. W did not
go into it thinking that the ol der patients would
be the ones that would benefit nostly, and | think
the other investigators who performed this
procedure woul d probably agree that it is not
hel pi ng the ol der aged coupl es.

So, these were three patients who had
significant history of poor quality enbryos in the
past. The age of these patients was 35, 35 and 38.
The procedure did appear to have an effect on
enbryo quality. To us, the enmbryos | ooked nuch
better than those that we had seen fromthese sane
patients previously. O those three patients, one

achieved a pregnancy. It was a twin pregnancy that
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was established. That particular patient had
undergone six previous |IVF attenpts with fresh
transfer and three attenpts with cryotransfer and
never achi eved a pregnancy.

In these three patients 42 eggs were
retrieved, a nean of 14.3 which, as you can see, is
much hi gher than in the ol der patients; 62 percent
fertilization rate with the cytoplasmtransfer
This is the informati on on the donors that provided
the eggs, and they had a 66 percent survival, those
t hree donors.

These are the twins. | have been told
that the nedical director has spoken with the
coupl e about having their tw ns eval uated
genetically for all the questions that we are here
about today. The couple is not interested. They
feel their children, who are now three or four
years old, are very healthy and very normal and
they don't want anything el se done with that.

W were al so | ooking at other things when
we were doing these studies and before we received
our letter to stop doing them One of the things
that we were interested in was the inadvertent
transfer of the nuclear material, the chronosones

fromthe donor egg into the recipient egg.
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shoul d point out here that would had actually net
with a mtochondrial geneticist at our institution
to find out--you know, we posed this probl em of
transferred mitochondria, and ask himdid he think
we woul d have a problemthere; did he think that
these nmitochondria that we transferred we be passed
on. He assured us no, it was too few mitochondria
and it couldn't happen. So, we really didn't go
into it thinking that that would be the problem
W were nore concerned with accidentally
transferring the nuclear materi al

So, we | ooked at sone of the eggs that we
had taken cytoplasm out of using staining. W can
actually see the spindle of the egg, and with this
stain we can see the chronpsomes on the spindle.
So, we | ooked at these eggs that provided the
cytoplasm and this was published just recently,
| ast year, and the oocytes that we eval uated
resulted fromeither clinical cases | just
described to you or research procedures which we
are doi ng.

In this case 12 oocytes were thawed but
were not used for the transfer. They weren't
needed to provide cytoplasm so we used those as

controls. W had 23 eggs that we thawed which
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survived the donati on procedure. These are the
ones that served as tests.

When we did the staining procedure on
t hese eggs, the control eggs all denonstrated
normal neiotic spindl e but when we | ooked at the
test eggs we found that 2/23 eggs that provided
cyt opl asm denonstrated total dispersion of the
chronosonmes fromthe netaphase plate, and conplete
di sorgani zati on of the spindles.

O course, the nunbers are very snall but
there was no significant difference between the two
groups. So, we wondered if this was sonmething to
do with the drawi ng out of the cytoplasmthat
potentially disrupts the spindle. W wondered,
since it is a procedure that is very sinmlar to
ICSl, if this would be the same rate of neiotic
spi ndl e damage that you would see in |ICSI oocytes.

Because we were worried about this we
| ooked at ways to see if there were sone way we
could prevent this. So, we | ooked at a new
nm croscope that was on the market, the Pol Scope.
Having this attached to your m croscope actually
| ets you visualize, while you are doing a
procedure, the actual spindle so that you can see

t he spindle and you can stay clear of it.
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Here is the egg, just a snmall part of the
egg, the polar body and the spindle here. So,
whil e you are doing the procedure, you are sticking
sonething into the egg and you can see the spindle
and stay clear of it. This is equipnent that is
currently used in many | aboratories, including ours
now, in which clinical ICSI cases are perforned, or
research involving enucl eati on where they want to
see where the spindle is so they can take out the
nucl ear naterial .

W also did alittle work with | ooking at
this froma research aspect. W had a clinica
fellow, Sam Brown, who wanted to see if the
original work of Flood in 1990, where we used
i mmat ure eggs, would have the same ft, cytoplasnic
transfer. The idea with it is the devel opnental
failure of human enbryos derived from oocytes
matured in vitro may be due to the deficiency of
cytoplasmic factors. Inin vitro fertilization we
have found that when patients get a lot of immature
eggs, eggs that need nore tinme maturing before they
can be insem nated, these eggs do not do as well.
So, the idea was to see if human prophase | oocytes
became devel opnental |y conpetent after

m croinjecting themw th the ooplasm of eggs
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matured in vivo within the body.

Sam hypot hesi zed that such an injection
woul d i mprove fertilization and bl astocyst
devel opnent of these i mmature eggs. This was just
a research project. None of these eggs were
transferred back to patients. It was with the hope
of salvaging i mature eggs. For exanple a patient
who gets all immture eggs after a retrieval could
have this procedure done and inprove her chances of
achi eving a pregnancy.

In the first part of the experiment |ooked
at the effect of cytoplasnmic transfer fromin vivo
mat ured eggs into Pl eggs. So, we had three
groups, control eggs which were put on a stage of
the mcroscope but not actually injected. W found
that 74 percent of these matured to netaphase |
after continued culture. Sham eggs were eggs that
were injected with an equal anobunt of media only,
not cytoplasm and we found that only 50 percent
matured to nmetaphase Il. Cytoplasmtransfer eggs
that actually had the procedure, 58 percent matured
to netaphase Il. So, these findings suggested that
injecting a substance into an egg may have a
negative inpact on maturation.

We al so insenminated these eggs to see if
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they could be fertilized, and in the control the 14
eggs that matured to netaphase Il we had a 50
percent fertilization rate. Shanme injected, we
only had 38 percent fertilization rate. Wth
plasmic transfer four of the eight fertilized,

whi ch was 50 percent. The devel opnent after
culture was not remarkabl e between the three
groups. The nunbers were very low and sinilar to
what we always see with i muature eggs.

W al so | ooked at the effect of
cytoplasnmic transfer on eggs that matured in vitro.
They were first allowed to mature in vitro and then
they were given the cytoplasm of an egg that was
matured in vivo. There were 17 control eggs that
recei ved no cytoplasmic transfer, and after
i nsem nation 53 percent of these fertilized.
Cytoplasmic transfer, 47 percent of these
transferred. W did see a little bit higher rate,
since these were cytoplasnmc transfers and the
injection of a single spermhaving three prine
nucl ei suggests that there was damage to the
spindle in these eggs.

In conclusion, we feel that cytoplasmc
transfer, if perforned clinically, should nove

forward cautiously and with the full consent of the
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patients. Just to give you sone of the feelings of
the patients, should this procedure be found to not
be harnful to the offspring and studies continue,
we do have nany patients out there who are not
bot hered by the fact that their offspring would
have the genetic material of another person because
for these patients the only other recourse is to
use donor eggs. So, in that case, their children
woul d have none of their genetic material. So,
havi ng some of their genetic material appeals to
them and a lot of patients would pick this
procedure over going to the donor egg. Thank you.
Question and Answer

DR. SALOMON: Thank you, Dr. Lanzendorf.
This initial presentation is open for questions and
di scussion. There are so nmany di fferent kinds of
guestions here and you, of course, get the
privilege of being the fist one. One of the things
that is going to cone up is if you go to an | ND,
then in this whole area the big question is always
going to be preclinical work and nodels. So, |et
me nmake the first question here a little bit about
t hese primate studies.

The primate studies were done in 1990, and

then the first clinical report you nade was seven
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years later, in 1997.

DR. LANZENDORF: Right.

DR. SALOMON: Maybe at some point you
could kind of explain to us in the seven years, but
specifically for the primte studies, can you make
me understand this a little bit better because it
will be inportant later in our discussions for is
this a good nodel because then one night focus on
such a nodel. To the extent it is not a good
nodel , one should be cauti ous.

DR. LANZENDORF: Right.

DR. SALOMON: So, the question | would
have specifically is what defines this nodel as a
nmodel for infertility?

DR. LANZENDORF: The non-human prinate as
a nodel ?

DR. SALOMON: Yes. Essentially, you had
t hese oocytes. | am assum ng, just guessing, that
you cultured themin vitro for a while and, the
| onger they were in vitro, they becane | ess and
| ess viable. So, when you inplanted the
controls--1 amnot saying you did, | guess this
wasn't your study, but when they inplanted the
oocytes and they didn't get a successful pregnancy

and they nanaged to sal vage 13 percent with
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cytoplasmc transfer froma fresh egg--is that
right?

DR. LANZENDORF: Right.

DR. SALOMON: So, it was the culture of
t he oocytes for X number of days or weeks that
caused themto lose their viability?

DR. LANZENDORF: Wien you take i mmature
eggs froma primate, a nonkey or a human, and they
haven't conpleted the maturati onal process within
the ovaries, they have to conplete it in a dish and
that usually takes about 24 hours, sonetinmes 48
hours. These eggs historically are not as
devel opnental |y conpetent as eggs that had
conpleted maturation in the body. Does that make
sense? Before we go in to renove an egg froma
patient we try to tine it so that when we are
taki ng these eggs out they are already mature. So,
just the whol e aspect of collecting i mmature eggs
for in vitro fertilization, nonkey or hunan, has
al ways posed a probl em when these eggs are not as
conpet ent .

That early study that was published in
1990 was not | ooking at cytoplasmic transfer as a
way to cure this problem It was trying to | ook at

what is the problem What is it about immature
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eggs that they don't do well? So, they said, well,
if we put sonme cytoplasmfromone that was matured
invitrointo this egg, will it do better? And, it
did. So, that 1990 report was never, from what |
understand, a report to say let's go out there and
start doing cytoplasmc transfer. You know, |
don't think the Jones Institute | ooked at it as

t hough, oh, we can cure these i mature eggs from
this problemand let's start doing this in
patients. So, that is why when you tal k about the
seven years--you know, | don't think any of us even
considered doing it as a procedure to help
infertile couples.

DR. SALOMON: | appreciate that
clarification. Sort of the followup then is 13
percent were successful pregnancies with this
procedure.

DR. LANZENDORF: Right.

DR. SALOMON: Again, were there a whole
| ot of miscarriages and other problens in the other
87 percent?

DR. LANZENDORF: | don't know, but having
done nmonkey |VS and worked with nmonkey 1VS and used
it as a nodel, | can say that a lot of tines doing

invitro fertilization in fertile nonkeys is a
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hundred tines harder than doing it in a group of
infertile human patients. You know, nonkeys are
somewhat difficult to work with during in vitro
fertilization. There are sites around the United
States, primate centers and places like that, who
have got it down to a fine art and | do believe
that the non-hunman prinate is the nodel that should
be | ooked at. But, again, it is a very difficult
procedure but there are places in the United States
that do it quite well and | believe could do these
experi ments.

DR SALOMON: Richard?

DR. MJLLI GAN: Just to go back to the data
set, between the 1990 report and 1997, can you
characterize what is the conplete data set? O,
can sone expert tell us? | assunme there have been
other things that were done, repeats fromthe 1990
experi ment ?

DR. LANZENDORF: No, there was nothing
ever done.

DR MJLLI GAN: So, the wealth of
i nfornati on about the potential of this cones from
that 1990 experinment?

DR. LANZENDORF: Right. Again, that was

not an experinment exploring cytoplasmtransfer. It

65



© 0 N o o b~ W N P

N NN N NN RBP R R R R R R R R R
g A W N B O © ® N © 0 A W N KL O

66
was trying to look at is it the cytoplasmthe
problen? 1s it the nucleus that is the probl enf
Is it the nonkey's uterus that is the problenf? So,
it was just a basic study trying to ook at what is
the problemw th i mature eggs; it was never a
cytoplasmic transfer procedure. So, it was never
pursued as an experinental design to continue.

DR. MJLLI GAN:  Just for perspective, how
many actual eggs were in that group that resulted
in 13 percent pregnancy?

DR LANZENDCRF: | have no idea. | was
not there and | don't believe | brought the article
with ne. | amsorry.

DR. SAUSVI LLE: And when one speaks of a
sham procedure in this case, which comes up both in
t he nonkey experinents and in sone of the nore
recent data, does sham nean wi thdrawal from
sonet hi ng el se- -

DR. LANZENDORF: Right.

DR. SAUSVILLE: --in the donor egg and
mani pul ation of the recipient egg? O is it
saline? Could you give us a little bit of
background about what the exact shams and controls
are?

DR. LANZENDORF: Well, in our |ab a sham
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an actual control would be one that was just put on
the stage of the mcroscope, that would have seen
the effects of the change in tenperatures and
novi ng around and being put into dishes. A sham
injection is one in which, at |east in experinments
| was involved with, we would draw up culture nedi a
and use that to inject into the egg. So, the egg
was actually seeing the novenent of substance, the
puncture of the needle and things like that. You
know, in sone of the experinents the sperm was
injected also, in sone it wasn't. That wasn't part
of the design. But we tried to keep it exactly
like the actual procedure wi thout the transfer of
the cytoplasmin a sham

DR SAUSVILLE: But a key point is that
the culture nediumis what constituents the sham
injection. 1Isn't that correct?

DR. LANZENDORF: Yes.

DR. SAUSVILLE: And that, of course, has
145 mllinmolar of sodium chloride as opposed to
what is inside.

DR LANZENDORF: Ri ght.

DR SAUSVILLE: So, a small anount
actually then could result in a market change--

DR. LANZENDORF: Right. W realize that
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probably our shans should actually do worse than
cytopl asmic transfer because of these things being
dunped into them

DR SAUSVILLE: And they did, right?

DR. LANZENDORF: And they did.

DR. SALOMON: Dr. Monroe?

DR. MONROE: | have a question about the
rel evance of the nmonkey experiment that we have
been addressing and the type of patient who m ght
be a recipient of this procedure. It seens to ne
that in the nonkey studies the question was the
i ssue of inmature eggs.

DR. LANZENDORF: Right.

DR. MONROE: It wasn't a question of

peopl e for whomthat wasn't necessarily the problem

but just had poor enbryo devel opnent. Is that the
correct interpretation? So, they are very
di fferent questions that we woul d be addressing.
DR. LANZENDORF: Right. Those three
patients, the people that we think could be hel ped
fromthis procedure, we really don't know what is
wrong with their eggs but they are typically young
patients. They do well on retrieval. They stem
well. They get a |arge nunber of eggs. That is
what usual |y happens with this age group. They
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fertilize find but then, after being in culture for
a coupl e of days, they usually would not even be
recogni zabl e as an enbryo--total fragmentation. W
use a grading scale of one to five, one being the
best and five the worst, and they were typically
all five. |In the cases where we woul d see that
transfer woul d have been pointless but usually
patients like a transfer even if they are told that
it is probably pointless. So, there is sonething

i nherent about those patients' eggs that is the
probl em and whether it is a cytoplasnmic thing we
don't know, but it is something we see over and
over again. The patient who achi eved a pregnancy,
this happened to her in like six other stem
stimulations and there was nothing el se that we
coul d offer her.

DR. RAO Two sort of nore scientific
guestions, one was sort of an extension of what Dr.
Sausvi |l e asked, and that is, has there been any
conparison with cytoplasmfromany other cell as a
control that has been used in these experinments?

DR. LANZENDORF: From anot her egg?

DR. RAO Not just from another egg, from
any other cell as a control?

DR LANZENDORF: No.
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DR. RAC | nean, do you really need
oocyt e cytopl asn?

DR. LANZENDORF: W have al ways used
oocyte cytoplasm

DR. RAO And to your know edge, there is
no data?

DR. LANZENDORF: Not that | know of.

DR. RAO You showed data where you had
pronuclei, right?

DR. LANZENDORF: Right.

DR. RAO So, there was naybe a high
probability of injury. Wre those experinents done
with the spindle view imgi ng systenf

DR. LANZENDORF: No. W got our Pol Scope
at the sane tine we got our letter.

DR. NAVI AUX: Just a question about the
optics that are being used. At any tine, are the
oocytes exposed to ultraviolet |ight?

DR. LANZENDORF: No.

DR. NAVI AUX: And the imaging of the
Pol Scope, what are the physics of that?

DR. LANZENDORF: | amnot sure, but it is
just a changi ng of the wavel ength of the |ight that
allows you to see the spindle. It was initially

designed, | think, to | ook at the nenbrane around
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it. We found that by using it we could al so see
t he spindle.

DR. NAVI AUX: Are dyes ever used to inage
nucl ei ¢ aci d?

DR. LANZENDORF: No. The Pol Scope is used
by sone | abs pretty extensively for 1CSI. So,
there are probably pretty good pregnancy results
for that. | hope | amnot getting the Pol Scope
people in trouble. It is routinely used.

DR. SCHON: Pol Scope is polarizing optics.
It has been around for fifty years and it is just
like a m croscope.

DR. NAVI AUX: The basis for that question
is that certain types of mtochondrial dysfunction
are responsive to ultraviolet lights and others are
| ess responsive. But that is not relevant.

DR. SALOMON: Dr. Casper?

DR. CASPER: Susan, do you know if any
nonkeys were actually born fromthe cytoplasnic
transfer, fromthat 13 percent pregnancy rate? |If
so, are there any records regarding their health,
life span or anything like that?

DR LANZENDCRF: | don't think there are
any records at all. | have the article here. It

just tal ks about pregnancy rate. It doesn't say
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anything about live births that | can see.

DR. SALOMON: Dr. Rao?

DR. RAO Another question, are the donor
oocytes tested in any fashion?

DR. LANZENDORF: Qur donor oocytes are
eggs fromour typical donor pool. W have an
active donor egg program So, sonebody conming into
the programto donate their eggs for a pregnancy in
anot her coupl e have extensive screening,
psychol ogi cal as well as nedical, and we do
genetics testing and things like that.

DR. RAO Does that include mtochondria?

DR. LANZENDORF: No, it does not include
m t ochondri al di seases, no. But they are tested.

DR. SALOMON: So, another question, you
know, in this perfect position to answer all these
guestions at the begi nning of the day, not al
necessarily that you have to defend, but you used
the term"enbryo quality" a couple of tines. |If
you will excuse ny ignorance, can you educate ne a
little bit about what do you do objectively to
determ ne enbryo quality?

DR. LANZENDORF: Enbryo quality is just
basi cally all norphol ogical. No one has devised

sone ki nd of biochem cal narker to say this enbryo
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is better than that enmbryo, but typically you start
out with the one cell; then you have two, then
four; and you see that beautiful clover Ieaf kind

of pattern going on there. Wen you start seeing

poor quality enbryos you will see that the cl eavage
divisions aren't equal. Some of the blastoneres
are very large, sone are very snmall. There are

other things called cytoplasnm c blebs and fragnents
that start forming and these things can take over
the entire--all the blastonmeres just start
fragnmenti ng and people think this is some kind of
apoptosis that is going on.

Through the years we have seen that when
you transfer four perfect four grade cells with no
fragnmentations, the inplantation rate is
considerably high than if you were to transfer five
totally fragnmented, very poor enbryos. Very
rarely, if ever, would you see a pregnancy there.
So, we are even confident telling these patients
you don't want to undergo the transfer or pay for
the transfer; your chances of getting pregnant with
these three grade five enbryos is zero. So, it is
an assessnent. It is not always correct. A lot of
times we put three grade one enbryos and a patient

doesn't get pregnant, or we put sone very poor
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quality enbryos and the patient does get pregnant.
So, it is not 100 percent. But when you see a
pati ent cone through six, seven tinmes and every
single tine they have very, very poor quality
enbryos it becones sonething about this patient.
You know, what can we do to inprove this? Doctors
will try changing stinulation protocols and it
doesn't work. W have a certain class of patients
and this is their problem and they are told to go
to donor egg.

DR. SALOMON: Just to sunmarize, if you
have a good relationship with your technol ogi sts

you have a sense of confidence in this subjective

readi ng- -
DR. LANZENDORF: Oh, yes.
DR. SALOMON: --of good and bad enbryos.
DR. LANZENDORF: Yes.
DR. SALOMON: | nean, just to show you
that you are not alone in that area, | am

interested in islet transplantation and we are
simlarly cluel ess about an objective determ nation
of a quality islet preparation, and that is a najor
area now focused for research in a programthat |
am invol ved in.

DR. LANZENDORF: Ri ght.
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DR. SALOMON: So, it is not unusual

DR. SCHON: These patients who have gone
t hrough six or seven tinmes and have al ways had
t hese poor quality enbryos, are they consistently
poor quality fromday one to fertilization onward
or is it sort of an abrupt change, let's say, on
day two or three?

DR. LANZENDORF: It is usually the first
cl eavage divi sion

DR. SCHON: So, at the first cell division
you start seeing these abnormalities, but these
multiple patients that were selected for
cytoplasnmic transfer and had had consistently poor
enbryo quality up to that point on nultiple
attenpts, was there any attenpt to see whether or
not the enbryos could be put back earlier, let's
stay at the one cell stage or at the two cell stage
before this fragmentation occurred to divorce the
noti on that there was an enbryo probl em versus the
ability of that particular patient's enbryo to
survive in culture?

DR. LANZENDORF: The patient who got
pregnant, | believe but I can't say for certain she
had a ZI FT procedure. | mean, this patient was

hel | -bent on getting pregnant and eery tine she
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canme she was going to do sonething different to try
to i nprove her chances. So, we are tal king about
three patients and | know | could |look this up for
you in their records, but | feel pretty confident
t hat even those procedures would not have hel ped
them and | believe that one had tried other
procedures.

DR. SALOMON: Dr. Murray and then Dr.
Mul I'i gan

DR. MJURRAY: Thank you. Dr. Lanzendorf,
in your presentation the |ast point you made was a
kind of empirical claimwth a noral punch line.
You said that nbst patients having to choose
bet ween a donor egg and cytopl asmic transfer woul d
not be bothered with the fact that the child may
have genetic naterial fromthe nmitochondria of the
egg donor. In ethics we are as intensely focused
on the text as scientists are focused on data. So,
it would be very hel pful to know, if not now and
you could submit later, exactly what question the
pati ents were responding to and what information
t hey had been gi ven about the significance and
ri sks of getting heteroplasny for exanple.

DR LANZENDCORF: Well, before the two

pregnanci es from Jacques Cohen's |ab, we would talk
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to the patients about what it would nean to have
m tochondria from sonebody el se, and that there

nm t ochondri al di seases and things |ike that.

Agai n, at that point we were nore concerned about
transfer of nuclear material after being reassured
by a nmitochondria person that mtochondria would
not be transferred, but we did always have it in
the consent form Then after those pregnancies
becanme evident, we inmmredi ately anmended our consent
formto tal k about the two children who had been
born. | don't believe that we did any patients
after that because that was soon after we received

the letter.

DR. MJURRAY: Did your mitochondrial expert

not informyou about the possibility of
het er opl asny?

DR LANZENDORF: No, he didn't. Well,
that is what we went to ask hi mabout because one
of the things we were interested in was |ooking at
transferring mtochondria fromone egg to the
other. W actually had a patient who came to us
also with a mitochondrial disease and wanted us to
do nucl ear transfer for her so that her nucl eus
could be put into an egg with nornmal cytoplasm

So, we also explored with her being able to take
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just a small amount of cytoplasmfroma nornal
donor egg, and we were assured from our person we
talked to that that much transfer of cytoplasm
woul d not affect the egg. It would not be passed
on to the progeny, and things |ike that.

DR. MJRRAY: They were w ong.

DR. LANZENDORF: We initially approached
this as wanting it to be the mtochondria that
provi ded the benefit.

DR. MJRRAY: So, you got incorrect--

DR. LANZENDORF: Onh, yes.

DR MJRRAY: | don't know what the
protocol is. This is my first neeting with the
conmittee, but | would appreciate it if you could
give us at some point the actual question asked on
whi ch you based this particular concl usion

DR. LANZENDORF: Well, it was just sitting
down, talking to patients, consenting patients and,
you know, we do a weekly |l ecture, an egg cl ass
where enbryol ogi sts just sit around the table and
we present slides, sinilar to these, and show t hem
the kind of thing and, you know, patients
i mediately junmp up and, "oh, | don't have to go to
a donor egg. | can possibly have my genetic

material in ny child." Then you say, "well, but
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there is the chance of mitochondrial transfer." "I
don't care about that.” "Well, it may change the
way the baby |ooks." You know, those are the
things that an infertile couple are thinking about.

DR MJURRAY: You have a mitochondri al
genone and a nucl ear genone that cones into bal ance
in sone way that we don't understand. So, really
part of the issue is not sinply having sonebody
el se's nmitochondria. The issue is whether that
m tochondrial DNA, in its interactions with that
worman' s nucl ear DNA, is going to draw you into a
new aspect of being that you woul d otherw se not
have had the possibility of encountering. So,
think there is a conplexity there.

DR. LANZENDORF: Right, and at that tinme
we did not understand the conplexity so we woul d
nost definitely change the way we talk to the
patient, get nore information, explain to them nore
about the role of mtochondria and things |ike
that. But | still believe that should this
procedure receive an IND, there are going to be
patients who will be Iining up for it. W get
calls weekly fromall over the world wanting the
procedure.

DR. SALOMON: Along the sane |ine as the
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ethics aspect of it, what does it nean that when
you went back to the couple that had the tw ns that
they just said, forget it; we don't want to know
anything. Again, | amnot in your field but that

ki nd of concerns me that either they weren't really
prepared for the experinental nature of the
procedure or they don't really appreciate how
important it would be to test their children

DR. LANZENDORF: Right.

DR. SALOMON:. O, is this really such an
enoti onal issue and, of course, we know it is such
an enotional issue that this is going to be a very
difficult problemgoing forward in these studies,
that the parents really are not going to want you
to cone near their kids.

DR. LANZENDORF: This is information that
| obtained froma nedical director, and | can go
back to the nedical director, or maybe you can go
back to the nedical director and explain why you
think it is inmportant, that these things occur and
maybe the coupl e can be brought back in and tal ked
to again. But when the letter went out and, of
course, when | found out about this neeting | asked
woul d she consi der having her children eval uat ed.

He said, no, | just saw them|ast week and
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mentioned it and they had no interest init; they
couldn't care less if their kids have mtochondria
from sonmebody el se. They are perfectly normal and
they are happy and, no, they don't want to be
bot hered. So, whether it is the nedical director or
not, making it a big enough issue--1 don't know.

DR. SALOMON: What | think this tells us
is it is just as an insight that as we go forward
in this area, part of what happens is educating the
whol e process and how you do clinical trials in
cutting edge technol ogi es.

DR. LANZENDORF: Right.

DR. SALOMON: In a gene therapy trial, for
exanpl e, we couldn't expect any of our patients
afterwards to be surprised that we have cone
forward to them and want to see whether or not--|
nmean, even though these are not minor issues, as
Jay is hand waving to ne, in any clinical trial it
is really inportant of course, and | think it does
reflect part of what is going to happen to this
whol e area as we get nore used to thinking of it in
these terms.

DR. LANZENDORF: Right.

DR SALOMON: Dr. Sausville?

DR SAUSVI LLE: Actually, before ny
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qguestion | just have a conmment. | would sinply
state that people have wildly different takes on
what their view of reasonability is in terns of
going after this. It is well docunented in my own
field that in cancer susceptibility testing that
some people just don't want to know.

DR. LANZENDORF: Right.

DR SAUSVI LLE: And one has to respect
that. Actually, the reason | was pushing down the
button is that | wanted to actually return a little
bit to the data that was in your presentation,
specifically the nore recent experinents of Dr.

Br own.

DR LANZENDCRF: That was a small anount
of work that a clinical fellow did before he
departed. It has not been published. W thought
t he nunbers were too low to even publish. So, it
was just an effort of going through ny files,
trying to find information that | thought--

DR. SAUSVILLE: And | appreciate your
candor in showing us the prelimnary nature of the
data, but | did want to try and go back to | guess
the three slides that tal k about the difference
bet ween controls and shams. So, | guess,

recogni zi ng the nunbers are small in terms of
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statistics, the slides that have the fertilization
results, lead nme through the clear evidence that
there is even a suggestion of an effect of the

cytoplasnmic transfer as opposed to the sham

procedure. | am showi ng nmy ignorance in the field.
DR. LANZENDORF: Evidence that it hel ped?
DR. SAUSVILLE: Right.
DR LANZENDCRF: There was no evidence.
DR. SAUSVI LLE: Right, so one has to be

concerned, therefore--and nmaybe we will hear from
ot her speakers--that the underpinnings either
historically or currently are somewhat
guest i onabl e.

DR. LANZENDORF: Right, | agree.

DR SAUSVILLE: | wanted to nake sure
wasn't m ssing anything.

DR. SALOMON: | guess | get to be blunt.
Why woul d you do this? | don't get it.

DR. LANZENDORF: Wy would we do the
procedure?

DR. SALOMON: Yes, | nean | don't see any
data, and it is very early in the day and this is
not nmy field, but so far fromwhat you presented,
woul dn' t i magi ne doing this.

DR. LANZENDORF: That small study that |
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presented at the end, again, was trying to
reproduce that first study with i mmature eggs.

When we are doing this procedure for patients, for
the patients that we did it wasn't an i mature egg
i ssue. Again, when | said it didn't help, it was
not hel ping i nmmature eggs. To ne, there is no data
out there yet that shows that it does or does not
hel p mature eggs.

DR SALOMON: What is the data that it
hel ps? | nean, you showed us data fromthe ol der
not hers. Right?

DR. LANZENDORF: Right.

DR SALOMON: And that, you said, didn't
show any difference. Right? Then the second thing
you showed us was the data fromthree wonmen who had
had a history of non-successful inplantation and
pregnancy. Right? | hope | amusing the right
terns. One of those gave birth to the tw ns.

DR LANZENDORF: Ri ght.

DR. SALOMON: Was that just a statistical
blip? O, that one set of three, is that the data?

DR. LANZENDORF: That is why we need nore
data. | nean, was it just her tinme? If it had
been a regular | VF she could have got pregnant.

So, it nmay have just been her tine. | am not
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saying that any of this supports that the procedure
actual | y does sonet hi ng.

DR. SCHON: One of the peculiarities of
the I'VF field is that it is largely patient driven
and if sonebody put on the internet, for exanple,
that extracts of dentine were found to inprove
pregnancy rates, | would venture to say that people
fromall over the world would be calling and asking
for that procedure to be done. That is the history
of this field. Many things are done without any
evi dence- based nedicine traditionally used in other
studies or without any validation and that is why
we are here today. That is part of the nature of
this field fromday one.

DR VAN BLERKOM  Your conment about some
patients may go through nine cycles before being
successful. You described a particular pattern of
severe dysnor phol ogy in enbryoni c devel opnent in
patients that you thought this mght help. Is it
possi bl e that patients who show significant
consi stent dysnorphol ogy in enbryoni c devel oprent
nonet hel ess become pregnant after six, seven
ei ght, nine cycles?

DR. LANZENDORF: No, | would have to pul

out the stats.
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DR. VAN BLERKOM W just don't know the
answer ?

DR. LANZENDORF: No. W can nmaybe find
out. There are prograns out there with thousands
and thousands of patients and, you know, it m ght
be interesting to look. O those patients who
finally got pregnant after their ninth attenpt, did
they have a history of poor norphol ogy.

DR. SCHON: | can answer that from ny
experience. W had a patient fromlsrael who had
18 attenpts at IVF in Israel and all failed. |
think this was about six years ago. Her 19th
attenpt in our program and she had tw ns.

DR LANZENDCRF: It could have been the

pr ogr am

DR. SCHON: It could have been the program

or it could have been something else. That is the
poi nt. Wen you have consistent failures, the
guestion is are the failures consistent with your
programor are they from other programs. So, are
the objective criteria that you use and someone
el se uses the sane?

DR. LANZENDORF: Ri ght.

DR. SCHON: That is really the problem

because if you are eval uating perfornmance of
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enbryos in vitro fromdifferent prograns, there is
no standard objective criteria. It is enpirical
So, what | ooks bad to you may not | ook so bad to
sonebody el se; and what | ooks terrible to you nay
not look terrible to sonebody else. And, that is
part of the problemin this field. It is
enpirically driven.

DR. LANZENDORF: Right, but it could have
been the method of transfer that finally got her
pregnant, if the way they were transferring changed
over tine or sonething like that.

DR. RAO Maybe this will sound naive, but
i n your opinion then what kinds of cases would you
actually look at for cytoplasmtransfer?

DR LANZENDCRF: Cases where there is
docunent ed poor norphol ogy over repeated | VF
attenpts, where the patient was younger than 40
years of age is what | think should be | ooked at.
One of the reasons we included the 40 and over in
the study is because many of the patients who are
trying to achieve a pregnancy are of that age
group, and you could not convince themthat you
didn't think it would work for them W have done
this in eight patients. Still we have patients who

want to do it even though we have shown that, but |
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think we need to stop focusing on that age group

DR. RAO Let me extend that, poor
nor phol ogy in a young age group, where you mature
the eggs in culture?

DR LANZENDORF: No, in vivo

DR RAO In vivo, and you will then
sel ect those eggs and | ook at those which have poor
nor phol ogy.

DR. LANZENDORF: You do the cytopl asm
procedure on all of the eggs at the tinme of
fertilization.

DR. RAO You just do it on all and then
just pick the best.

DR. LANZENDORF: Yes, and on the day of
transfer, what we typically do with any patient is
we deci de how many will be transferred, and then

transfer the ones with the best norphol ogy.

DR. MULLIGAN: | actually have a different
guestion but just in response to his point, | am
still mssing the Iine of reasoning for the context

in which you say that this mght be the nost

useful. | nean, you said that basically there is
really no data out there, yet when you are asked
wel I, what specific context would you think this

woul d be nost useful in, is that conpletely

88



© 0 N o o b~ W N P

N NN N NN RBP R R R R R R R R R
g A W N B O © ® N © 0 A W N KL O

i ndependent of the fact that there is no data?

DR. LANZENDORF: That is my hypothesis.

DR. MILLI GAN:  And the hypothesis is that
oopl asm coul d be useful but you would agree that
there is no data?

DR. LANZENDORF: | agree.

DR MJLLI GAN: Just scientifically, | find
it alittle odd that that 1990 study just kind of
di sappeared. Does anyone know what happened to the
people who did this? That is, did they do this and
then have a train weck or sonething?

DR. LANZENDORF: Dr. Flood is practicing
IVF in Virginia Beach, down the street fromus. |
could try to talk to her. Three of the other
people are not in this country. Gary Hodgins is
retired for medical reasons.

DR. MJLLI GAN:  You know, scientifically,
usual 'y when sonething |ike this does happen there
is a paper and you could | ook at sonething and say
that is very interesting. |If you see no report in
the next four or five years, certainly in ny field,
it means sonething. So, | amjust curious. It
woul d probably be very useful to try to track these
peopl e and see. Can you do literature searches?

Did they eve publish anything on this?
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DR. LANZENDORF: No, | know they didn't.
| was doing nmy post doc sonewhere else so | had
very little information.

DR. VAN BLERKOM These were probably
clinical fellows doing a paper for clinica
fell owshi p.

DR. LANZENDORF: Right.

DR. VAN BLERKOM But it was preceded in
the '80s and '70s by work in mce and ot her
species, by the way, and it was really designed in
the mouse to look at cell cycle regulation, cel
cycl e checks which led to the discovery of factors
involved in the maturation of their egg and their
timng. So, these guys just looked at it in the
nmonkey, agai n | ooking for whether or not
cytoplasnmic factors fromone stage woul d i nduce
mat uration or assist maturation in other eggs.

That is all. There is a precedent for this type of
work in mouse and lots of other invertebrates.

DR. MJLLI GAN: At that point, was there
i mpact upon the work?

DR. VAN BLERKOM No

DR. MILLIGAN: No one really read the
paper or thought it was interesting?

DR. VAN BLERKOM No, there was no point
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toit. | nmean, it was just a confirnmation that as
in the nouse, as in starfish, as in sea urchins
there are factors in the cytoplasmthat are
spatially and tenporally distinct and are invol ved
in motic maturation of the egg, period.

DR. SALOMON: | was told by Gail that

there is soneone in the audi ence that wanted to

make a comment. If so, | didn't want to excl ude
them |If you could please identify yourself?
DR WLLADSEN. | am Steen W/ | adsen.

work as a consultant at St. Barnabas, the Institute
of Reproductive Medicine and Science. It was
actual ly sonmething else | wanted to comment on

It was the statenent from | think,
Jonat han Van Bl erkomthat the IVF work is patient
driven. | don't basically disagree with that. So
is cancer treatnent. But he then went on to say
that all sorts of things were being offered that
had no scientific background, or at |east suggested
that. | would disagree with that. | would
di sagree that all sorts of things are being
offered. | don't think there are that many things
that are being of fered.

Since | have the m crophone, | think I

shoul d say also that the people on the conmittee
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are very nuch concerned about how clinical trials
shoul d be conducted. Therefore, you focus on

whet her all the things are in place for that when
you hear about research. Therefore, it sounds
strange and | ooks like a big junmp, here we go from
experiments with nonkeys and then nine years |ater
or whenever it is, suddenly it happens in humans
and | ooks to you as if the duck hasn't been noving,
so to speak, but in fact there has been a | ot of
paddl i ng going on. The first mammalian cl oning
experiments were successful were in 1984 or 1985
and, yet, Dolly was in 1996 and in between it

| ooked like it had kind of gone dead. Not at all.
There was plenty of work going on, but that doesn't
mean that it would be worth publishing. It m ght
be for you because you are interested in the whole
process of how this is controlled; what steps
shoul d be taken fromthe adnministrative |evel. But
that is not how research is done in basic

enbryol ogy. Thank you.

DR. SALOMON: Thank you. Well, you have
to understand we | ook forward and we ask our
guestions to di scover what has been going on that
has not been published, as well as what has been

publ i shed. The question, if you remenber, that was
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asked was what happened between 1990 and 1997 and
if there were things going on that weren't
published that were pertinent, that is the time to
hear about them W certainly understand the fact
that much goes on that doesn't come to the public.
But now when you want to step up and start doing
clinical trials, it is time to think about those
t hi ngs.

I want to thank Dr. Lanzendorf. You have
shoul dered a bi gger responsibility--

DR. LANZENDORF: Thank you.

DR. SALOMON: Oh, | amsorry, there is
sonmeone el se fromthe audi ence.

DR MADSEN: | Panela Madsen. | amthe
executive director of the Arerican Infertility
Association and | do represent the patients, and
ama former patient and a former infertile person

It is an echo but | decided the echo
should cone fromthe patient organization in
response to the gentleman from St. Barnabas. Yes,
it is patient driven. | was going to use the exact
sanme nodel of the cancer patient who doesn't have
hope. These patients, you have to be clear, are
| ooking for certain technologies. There isn't

anything el se being offered to themand you really
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need to be clear about that. These patient groups
are looking for these technologies. [|VF is not
working for themand their only other hope, if they
want to experience a pregnancy, is donor egg. That
is all they have and you need to be clear about
t hat .

You also really need to be clear that when
you are looking at small data sets, and | amnot a
clinician, not a doctor or a scientist so forgive
me, these are very snall data sets because you have
stopped the research and, as patients, we want to
see the research. W want there to be bigger data
sets, and there are lots of patients who are very
eager to have a chance at this research. W need
to continue and | thought you should hear that
again froma patient as well as the clinicians.
Thank you.

DR. SALOMON: | appreciate that.
Certainly, one of the things | want to reiterate
here is that anyone who is here today, part of your
responsibility is to make sure that we are being
appropriately sensitive to all the public
stakeholders in this area as we venture into this
conversation, both to have a sense of howit is

practiced in the clinical field--you know, | said
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i n your experience do you feel confortable and your
answer was, yes, you do. That is the kind of thing
that we need to hear and be reassured on, and the
sanme thing from patient advocacy groups and
research advocacy groups. |If you feel |ike we have
veered off a line that is sensitive to the state of
this field, then it is very appropriate to get up
and rem nd us.

Agai n, thank you very much, Dr.
Lanzendorf. That was excellent; a good start. W
will take now a ten-minute break and start again.

[Brief recess]

DR SALOMON: We can get started. Before
we go on with the regul ar schedul ed presentations,
it is a special pleasure to introduce Kathy Zoon
who is--1 know | will blowthis--the director of
CBER. M only concern was not to pronote her high
enough!

DR. ZOON: Dan, thank you and the
conmittee very nmuch for giving me an opportunity to
cone here today. | apologize that | couldn't be
here this norning to speak to you but we were
wor ki ng on sone budget issues at FDA. | know you
can understand that.

| would Iike, in a few mnutes, to give
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the conmittee and the interested parties in the
audi ence an update on CBER s proposal for a new
office at the Center for Biologics. This new

of fice has the proposed title of the Ofice of
Cell, Tissue and Gene Therapy Products, something
very close to the heart of this comittee. One

m ght ask why is CBER doing this. CBER is doing
this because there are many issues regarding

ti ssues and the evolution of cell and cel

t herapi es and gene therapies that we see as an

i ncreasi ng and expandi ng growth area for our
Center. Rather than reacting when it gets ahead of
us, CBER has al ways taken the position of being
proactive, trying to establish an organizationa
structure and franmework so that we can be ready to
deal with tissue-engineered products, regular

cel lul ar products, banked human tissues, repro

ti ssues and, of course, the topic of today,

assi sted reproductive tissues.

W have gotten the go-ahead from Deputy
Conmi ssi oner Crawford and Secretary Thonpson to
proceed on this office, and we are very nuch
engaging in the communities of all affected people,
especially our conmittee who has had to deal with

so many issues to get your feedback and advice
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because we want to do this right. W want to make
sure that we have as much input when we go in to
finalizing the structure and functions of this
office to do the very best job we can. W
recogni ze that this will be an evolution for all of
us because we are still evolving with our tissue
regul ations as rules, as well as the sciences
surroundi ng cel lul ar therapies and tissue
engi neering, and we very nuch understand that but
we believe it is time to be prepared and nove
forward and get ready for this area.

So, ny plea at this point is, please,
provi de the advice; certainly, those in the
audi ence as well that have an interest in this
area. W are very much interested in hearing from
you. There are two e-nmil addresses for those who
mght wish to do it through e-mail. It is
ZOON@CBER. FDA. gov. Then, Sherry Lard who is the
associate for quality assurance and onmbudsnman at
FDA is al so taking conments in case people prefer
to remai n anonynous because that is inportant. Her
e-mai | address is |ard@BER. FDA.gov. |If you prefer
not to e-mail and you prefer to call, the nunbers
are on the HHS directory off the web site, if you

want to find any of us.
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We are very happy and very pl eased that
this committee would deliberate and think about
this, and I will be |Iooking forward. The time line
for this new office, we hope to have as nany
conmments as possible by the end of May. We would
like to finalize the structure and functiona
statenments probably in June, and then work on the
i ssues that are adninistrative to noving the office
forward, and are | ooking forward to an
i mpl enentati on date of Cctober 1, which is the
begi nning of the fiscal year. So, just to give you
a sense of the dynamcs and the organization. It
is agoal. W are hoping that we can achieve this
goal and that is where we are focused on

So, | amvery happy to have the
opportunity today to be here and present this
proposal to you, as well as receive your feedback
Thank you.

DR. SALOMON:. Thank you very nuch, Dr.
Zoon. Tonorrow when we have some tinme because
see today as being very busy, we will try and find
sonme tine as a group to discuss this just as an
initial thing, because | aminterested in sone
t houghts that everyone has. That is not to mean

that anything else can't go on informally or

98



© 0 N o o b~ W N P

N NN N NN RBP R R R R R R R R R
g A W N B O © ® N © 0 A W N KL O

formal | y otherw se.

Just one question, it is a pretty big
deal, how often do you guys make new offices |ike
this?

DR ZOON:. W sonetines create new
offices. |In fact, over the past probably three
years we have el evated the Division of
Bi ostatistics and Epi dem ol ogy, which is

responsi ble for our statistical reviews at the

Center as well as for overseeing adverse events, we

have el evated that office, led by Dr. Susan
El l enberg, to an office level. Mst recently, we
broke out our infornmation technol ogy group, which
was an office under an office, as a separate
office. This one is nore conplicated because it
takes the experiences in both the Ofice of
Therapeutics that is relevant and the O fice of
Bl ood that had a lot of the tissue progranms and
tissue activities, and noving peopl e together as
appropriate. So, this is a nuch bigger
reorgani zati on, nmore conplex. The last big one we
did was in 1993.

DR SALOMON: That is nmore what | was

thinking. | mean, ny initial response is that this

is a remarkabl e recognition of where this field has
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gone in the last five to ten years. W are talking
now about such a nyriad of studies going from
neural stemcells to xenotransplantation to islet
transplantati on to gene therapy of various sorts,
all of which have been major touchstones for public
comment and regul atory concerns. So, | think this
is areally big deal and we appreciate the
opportunity to hear about it and also to give you
some input constructively while it is being

devel oped. Thank you, Dr. Zoon

It is my pleasure to introduce Dr. Jacques
Cohen, fromthe Institute for Reproductive Medicine
and Science of St. Barnabas, and to get back to
today's topic of ooplasmtransfer. Dr. Cohen?

Qopl asm Tr ansf er

DR. COHEN: Good norning. Thank you, M.
Chai rman. Thank you for your kind invitation.

For my presentation | will followor try
to follow the guidelines for questions that the
BRVAC has asked in this document that | found in ny
folder. But |I will deviate fromit now and then

First of all, | would like to acknow edge
three individuals, two of themare here, that have
been crucial for this work, Steen WIIadsen who,

about twel ve years ago or so, suggested that there
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