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very recently we have tried to push these ani nals,
giving them extrenmely high doses in the range of
1014 to 1015 per kilo, and we do not increase the
proportion of integrated genones.

The proportion of transduced cells with
i ntegrated genones is small and nobst integrates
t hat when we have actually nol el ecularly anal yzed
themare 1 or 2 copy genones.

[Slide.

The clinical trial objective is to test
the hypot hesis that AAV nediated |iver-directed
gene transfer is safe; characterize the human
i mune response to the transgene product and to the
vector; determ ne whether germine transm ssion of
vector occurs follow ng hepatic adm nistration; and
deterni ne dose capabl e of producing clinically
rel evant factor |1 X levels in the bl ood.

[Slide.

It's a Phase | open-label, dose escal ation
safety trial of AAV Human Factor | X adm nistration
by infusion into the hepatic artery.

[Slide.

The vector is infused into the liver via a
bal | oon occl usi on catheter placed in the hepatic

artery, and Factor | X protein is admnistered
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before and follow the procedure to cover the
patients fromany type of bl eeding.

Subj ects are observed for at |east 24
hour s

[Slide.

This is the dose escal ation plan of the
trial as it is witten. The dose in vector genones
is 2 x 1011 per kilogram The observed levels in
mce is sonewhere between undetectable and 1
percent.

Importantly, is that when you get into the
second cohort, we were at a dose of 1 x 1012 per
kilo, and in dogs that were given a sinmlar, not
i dentical vector, levels in the range of 4 to 12
percent are achieved.

These | evels of Factor | X would result in
a substantial inprovenent in the clinical course
with the individuals going froma severe phenotype
to that of a nmuch m | der phenotype. So this would
be sonmewhere in an efficacious range, so the point
is that at doses within this trial, we are at
efficacious doses in a dog nodel of henophili a.

[ Pause. ]

DR. KAY: | amreally sorry. There was a

m x-up about transferring the slides, so
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apol ogi ze.

This was just an introductory slide about
henmophilia, basically that it is a very wel
under st ood di sease and with sustained |levels of 1
percent, you can get a therapeutic response, and we
do have very good ani mal nodels which are the dogs.

Now, this is basically what | said, that
we have actually been able, we and others and nore
recently Kathy High's group, has gotten reasonably
hi gh and therapeutic | evels of canine factor I X in
dogs reaching 4 to 12 percent. | won't go through
this again

[Slide.

This is just a photograph of a patient who
is being treated here. As | said, it is through
the hepatic artery and they go into the invasive
radi ol ogy suite. A catheter is inserted into the
ferroral artery and it is cannulated into the
hepatic artery, which can be followed by
fluoroscopy here, and then the vector is placed on
an infusion punp, as shown here, and then
admini stered at a specific rate into the patient

[Slide.

Now, the first subject that was treated is

a 63-year-old male with severe factor IX
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deficiency. Status/post bilateral knee

repl acenents 5 years prior to the procedure. He is
HI V- negative. He was HCV-positive, but his HCV
viral |oad by PCR was negative on multiple

occasi ons several years apart. Per our protocol
these patients are considered to have spontaneously
cl eared HCV, and do not require liver evaluation
before being enrolled into the trial

He is the father of 3 and he has a
grandson with henophili a.

[Slide.

The first procedure was done in August of
| ast year. He received 2 x 1011 vector genones per
kil ogram No conplications. He was di scharged
home to his referring henmophilia treatnent center
after five days

[Slide.

This is a sunmary of his clinical data
basel i ne before the procedure and afterwards out to
week 24. The inportant point here is that his CBCs
have all been within normal limts including
pl atel et counts, which have been an issue with sone
of the adenovirus trials

[Slide.

His Iiver function studies and prothronbin
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ti mes have al so remmi ned normal, as shown here.
His ALT and AST are nornal, and they renmi ned
normal throughout the 24-week period for which he
has bee nonitored.

So the hepatic administration of this
vector in this patient did not appear to have any
liver injury

[Slide.

The coagul ation data for this first
patient is shown here. His factor I X | evel s have
basically renmmi ned at a subtherapeutic or
nont herapeutic level. This basically is
background. Renenber that these patients do treat
t henmsel ves.

The inportant issue here, too, is that
this patient did not have detectable factor |X
i nhi bitor by Bethesda assay.

[Slide.

One of the aspects of the protocol is to
nmonitor the different body fluids for vector
sheddi ng and, of course, the reason why we are here
today. This just is a very sinplified di agram of
the PCR assay that is done by Deb Leonards' group
at the University of Pennsylvania

[Slide.
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This shows the actual sequence of the
vector and the PCR prinmers are depicted here as a
control for the PCR reaction itself. Sonme of the
sanpl es are spiked with very small plasnm d nunbers
of a second vector that has the same sequences for
the primers, but there has been a deletion of 97
base pairs, so one can distinguish between the
spi ked copy, if you will, and the vector copy

[Slide.

This just shows an exanple of one of the
gels of this analysis here. This is the baseline
sanpl e here. This is the spiked sanple bel ow, and
this is day seven of a body fluid where you can see
both the spiked and the actual vector band shown
here. So this gives you an idea of the PCR
studies. Sone of these will be discussed again in
nore detail with sone of the preclinical studies.

If we | ook at the vector sequences by PCR
in the different body fluids here, in the first
patient, again, we see transient vector DNA up
until week 2 in the serum transiently for a couple
of days in saliva, there was none in urine and
stool, and white blood cell pellet was done at week
12, but that was negative

[Slide.
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This is what was somewhat of a surprise to
us based on dog studies we had done. In fact, when
we did | ook at his vector DNA in semen, we did find
that there was DNA present in his senmen, but it was
transient and it slowy fell off over a period, and
after week 12, has renmi ned persistently negative.

Now, these sanples are performed in
triplicate in 1-m crogram DNA sanmpl es. Wen we did
get positivity in these first couple of sanmples, we
went to a fractionation procedure to try to
fractionate out the notile spermfraction fromthe
sem nal fluid sanple and the pellet.

Now, in this notile spermfraction, we
were only able to get 220 nanogranms of DNA, so it
wasn't the 1 mcrogram but this amunt of DNA was
PCR-negative in this individual

| also want to point out the sensitivity
of the assay is less than 1 copy per 30,000 hapl oid
genones or, in other words, 1 copy per 30,000
sperm

Now, as a result of this result, we did
make some changes in the consent formrelated to
the issue of informng the patients about this
result, and basically, what it says the study

subj ects shall be adult males who are 18 years of
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age or ol der.

The first patient treated under this

protocol was very shown by very sensitive

techni ques to have vector in his senen for as |ong

as 10 weeks after treatnment. Although the vector

was not found in the spermfraction, the

significance of this finding is unclear, and a

patients are strongly urged to use barrier birt

control devices, condons, until the patient is

informed that senen has been clear of vector fo

| east three nonths.

The investigators will

is safe to stop barrier methods of birth contro

The consequences of gene transfer, the germine

cells are unknown, but could potentially result

serious birth defects or fetal death or other

unanti ci pated health consequences, such as canc

h

r at

in

er,

in the offspring due to the disruption of normnal

genes by the transferred DNA. If you are

considering having children in the future, it is

recommended that you bank sperm before begi nning

the procedure to ensure a source of spermthat

free of contam nation with the vector

The reason for storing senen is that

possi bl e that

if the spermcells do take up the

is

it

notify you when it

is
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vector during the procedure, it may or nay not
result in life-long changes to the sperm The

i nvestigators will provide you with information on
sperm banking and this one is for Stanford at
Stanford University or at your hone institution.
This opportunity will be provided to you at no
addi ti onal expense.

So the point here is that we urge the
i ndi vidual s to undergo a barrier contraception, we
tal k about the risk in this first patient, and the
fact that we will spermbank in case they are
considering or uncertain about future chil dbearing.

Now, because of this issue of finding, at
least in the first patient, transient AAV vector
sequences in the senen, we anended the plan to
address this issue of inadvertent germine
transm ssi on, and the protocol was changed, so that
semen col | ection was done as a baseline, and then
at weeks 1, 8, 12, 16, or possible nore.

Now, the idea was, and the plan is, that
begi nning at 8 weeks, the sanple is then
fractionated and total senmen and notile fractions
are anal yzed for vector genones by PCR If the
8-week notile spermfraction is negative, we would

be allowed to proceed to the next dose cohort. Al
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subjects to practice barrier contraception unti
three consecutive nonthly senmen sanples are
negati ve.

So, although we will test and fractionate
t hrough week 16, the question is we continue if
there haven't been three successive negative senen
sanpl es

[Slide.

Subj ect 2 was a 48-year-old nmale with
severe henophilia B. He had a bilateral knee
repl acenent in 1999 and el bow repl acenment in 2001

He is H V-positive and HCV-positive. He
underwent a liver biopsy and was shown to have
m nimal fibrosis and based on criteria in the
protocol, was allowed to be included in the study.

He had a non-Hodgkin's large cell |ynphona
in 1986, was treated, had a rel apse in 1996, and
was treated and he is on nedications for his HV

[ Slide.

The procedure was perforned in January,
the end of January of this year, received the sane
dose as the first patient. No conplications. Went
back after 7 days

[Slide.

Patient 2, like Patient 1, had totally
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normal LFTs, no elevations related to the vector

[Slide.

Renal function, not shown with the first
patient, but were also normal in the second patient

[Slide.

Again, the CBC including the platelet
counts were normal. There was no elevation with
vector administration

[Slide.

Now, with the second patient, again, we
see no evidence of inhibitors, and we have al so
noticed that there is a question of whether there
is any detectable factor IX in this patient. The
week 8 and week 12 sanples were obtained at | east
14 days prior to factor | X admnistration, and
there are some |low |l evels of factor | X here
detectable, but again it is unclear whether this is
really and truly fromgene transfer. | just wanted
to point out that this is the data to date. So it
is still questionable

[Slide.

Now, when we | ooked at his body fl uids,
the saliva was positive for a slightly Ionger
period of tinme, up to one week. His serumwas al so

positive up to four weeks, which again was two
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weeks | onger than the first patient.

Unlike the first patient, we did see
transient positivity in the urine, but only out
until day 2, and he al so has had sone positive
st ool sanples, as well

[Slide.

Now, this is where we are with the semen
analysis for the vector DNA. He has remai ned
positive up through week 14, but let me tal k about

the total senen first.

The total senen, the signal of the PCR has

started to dimnish, simlarly to what we have seen
in Patient 1. |If you renmenber Patient 1, he was
persistently negative after week 12, and the week
14 sanpl e, which we just obtained this week

al though it was positive, the signal appears to be
weak, so it appears to be going down in
concentration, although this is not an absolutely
quantitative assay.

Now according to the protocol, we were
supposed to fractionate his week 8 sanple into the
fractions that | discussed earlier, to |look at the
nmotile spermfraction, but it turns out that this
i ndi vi dual has ejacul ate volunes that are wel

bel ow half a m. Wen the sanple went to the |ab
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it has got to be fractionated wi thin about 30

m nutes or so, and when they got the sanple, the

| ab said, you know, based on our SOP that we have,

and the one that is provided in the protocol, this
volune is not adequate to fractionate, so it wasn't
fractionated.

Well, we went back, and after discussions
with FDA and our coll eagues, we realized that there
are standard operating procedures in these clinica
| aboratories to fractionate | ow vol une ej acul ates,
and this then was attenpted on the week 14 sanple.

But unfortunately, the DNA recovery from
this week 14 sanple was such that it would only be
possible to run triplicate sanmpl es of 300 nanograns
per m, and based on our changes in the protocol
whi ch we have just sent to the FDA, this would be a
fracti onated sanple that we would not analyze. So
the fractionated sanple with 300 nanograns in it
was not anal yzed by PCR

It has turned out that although it is
sinple in theory, it has been difficult, alittle
nmore difficult than we had antici pated doi ng these
fractionation procedures and getting the kinds of
DNA recoveries that one woul d want.

Thi s individual has supernormal sperm
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counts so although his volunme is low, it appears
that spermatogenesis in this individual appears to
be normal because his counts are well above nornal .

It also turns out that there are |ots of
rules and regulations in the | abs that do the
fractionation. 1In fact, we are |earning that many
of these |labs are not allowed to fractionate
HI V- positive sanples, which has also led to sone of
the difficulty in getting these speci nens
fractionated at will.

So based on this, we have added new
exclusion criteria. W realize that this
i ndi vidual has an issue with ejacul ate vol unme, but
with normal sperm counts, that is very, very rare
and unusual , but because of this in this patient,
we have added an additional exclusion criteria to a
revi sed protocol

First of all, we state in there that an
exclusion issue are related to patients who are
unwi lling to provide required senen sanples, and
patients that are unable to provide senen sanpl es
of adequate senen vol une, which we define at 1 1/4
m sperm count, and we define the cutoff at 20 x
106 spermper m, and with notility of greater than

50 percent. Again, this was based on the data we
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have obtained fromthis Patient No. 2.

[Slide.
So, in conclusion, | can say that Subjects
1 and 2 have tolerated the procedure well, vector

DNA is present transiently and total senen from
Subj ect 1, not present in the notile spermfraction
at week 3, albeit the sanple that was anal yzed was
220 nanograns, not the desired 1 m crogram

We have nmuch limted data in Subject 2
al t hough the signal is going down, we still haven't
detected a sanple that has been negative, and
currently, based on what has been approved, that
the enrol |l nent of the subjects at the m d-dose
proceeds only if Subject 2 shows absence of signa
in the notile spermfraction

So, in sunmary, what | would like to say
is that clinical studies denmpnstrate safety and
l ong-term efficacy of AAV factor I X in the liver in
the large ani mal nodel of henophilia. W think
that this is really the inpetus to nove forward.

The initial clinical studies indicate that
this gene transfer strategy can be safety
translated into human subjects, and we strongly
believe that the conpletion of the Phase | study is

required for valid risk-benefit analysis of the
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strat egy.

W would like to present a proposal to you
of what we would see as a reasonabl e route of
nmovi ng forward, but before we do that, there will
be two additional speakers who are going to present
the preclinical data studies that have been done to
try to address this issue, what has been done, the
data to date, future studies in a nunber of
di fferent ani mal settings.

Thank you.

DR. SALOMON. Thank you very much.

We won't have any questions until after
the second speaker.

This second talk is from Linda Couto of
Avigen entitled Safety Studies to Support
I ntrahepatic Delivery of AAV.

Safety Studies to Support Intrahepatic Delivery
of AAV
Li nda Couto, Ph.D.

DR. COUTO | amgoing to describe a
series of preclinical studies that were perfornmed
to evaluate the safety of delivering AAV to the
hepatic artery

[Slide.

We have used five different species -
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m ce, rats, dogs, rabbits, and nonkeys to assess
the toxicol ogy and biodi stribution, but today, | am
going to limt my talk just to the biodistribution
studies that are relevant to inadvertent gernline
transm ssi on

[Slide.

| am going to summarize the studies in
rats, dogs, and nonkeys, and then Valder Arruda is
going to present sonme nore recent data in rabbits,
whi ch appear to be probably the best nodel for
studyi ng i nadvertent gernline transm ssion

However, before discussing the
bi odi stribution data, | just want to point out that
in all of these five species, we haven't seen any
toxi col ogy at doses up to 1 x 1013 vector genones
per kilogram which is 50-fold higher than our
starting clinical dose.

This is the biodistribution study that was
performed in rats. In this study there were five
groups of animals. One group was treated with the
excipient. One group was treated with an AAV nul
vector, which does not contain a transgene. Then
there were three groups of animals that were
injected with increasing doses of an AAV factor |X

vector from1l x 1011 per kilogramto 1 x 1013 per
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kil ogram

So what you can see is that at 50 days
post-injection, we saw a good gene transfer to the
liver, so at the | ow dose we were seeing about 1
copy per 60 cells in the liver, and at the high
dose we were seeing about 1 copy per 1 to 2 cells.

At this time point, we also did see vector
di ssenmination to the gonads at least in sonme of the
animals. At the | ow dose we didn't see any
di ssem nation, but at the high dose we saw about 1
copy per 1,700 cells, so this was about 1,000-fold
| ower than the gene transfer we were seeing in the
liver.

At this tinme point, we were al so seeing
vector in the blood, however, by day 92
post-injection, we no |longer detected any sequences
in the blood, and the | evel of gene transfer to the
liver and the gonads had decreased.

So, at the 92-day tine point, we were
seei ng about 1 vector copy per 4 cells in the
liver, and only about 1 copy per 4,000 cells in the
gonads, but only in the highest dosed animals.

[Slide.

We al so did a gonadal distribution study

in dogs. In this study, three nornmal dogs were
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injected with AAV null vector at doses ranging from
3.7 to 7 x 1012 vectors genones per kilogram and
in this study, the vector was delivered using the
nmet hod that we are using in the clinic. So, a
catheter was inserted into the fenoral artery and
then using fluoroscopic gui dance was advanced to
the hepatic artery where the vector was infused.
Then, senen sanples were collected at various tines
post-injection.

In addition to the senen sanples, we al so
| ooked at toxicology paraneters and al so | ooked at
gonadal tissue at the tine of sacrifice.

In this experinent, we used the AAV nul
vector, which contains a pronotor |ist transgene.
The reason for using this was just to prevent any
CTL response, elimnating the transduced cells.

[Slide.

So, these are the results of PCR analysis
of the dog senen. The | ower panel here represents
an ethidiumbrom de stain gel of the PCR products,
and over here on the right you can see that the
| evel of sensitivity is about 100 copi es per
mcrogram At this |level of sensitivity, there is
no evi dence of vector sequences in any of the dogs

at any of the tinme points out to day 90.
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We al so did a southern blot of this gel
and increased the sensitivity down to 10 copi es per
m crogram which is 1 copy per 30,000 haploid
genones, and again we are not seeing any detection
of sequences in the senen of these dogs.

We al so performed PCR on gonadal tissue
and again we didn't see any evidence of
di ssenmination to the gonads in these ani mals.

[ SIide.

More recently we have | ooked at toxicol ogy

and biodistribution in the non-human primtes, and
in this study we have treated 6 cynonol gus nonkeys,
2 animals were treated with the excipient, 2
animals got a factor | X vector at a dose of 7 Xx
1012 into the hepatic artery, and another 2 animals
recei ved the sane dose of vector via the porta
vein.

This study was designed as a toxicol ogy
study, but we tried to get sone limted
bi odi stri bution study by harvesting the liver and
t he gonads and doi ng PCR anal ysis when the animals
were sacrificed at day 135

[Slide.

This is the results of that study. Wat

you can is that in 2 of the 4 injected animls, we

120



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

saw gene transfer to the liver. It is not really
clear why only 2 of the 4 aninmals worked, but what
we can say is that in those 2 aninals, gene
transfer was relatively efficient, so 1 of the
animals that got the vector via hepatic artery, we
saw vector genomes at about 1 vector sequence per 3
cells, and in the other animal we saw 1 to 2 vector
sequences per cell

VWhat we al so saw was, you know, despite
this high Ievel of gene transfer to the liver, we
did not detect any sequences in the gonads, and the
| evel of sensitivity in this particular PCR assay
was 1 copy per 40,000 diploid cells.

[Slide.

We al so took advantage of this non-human
primte testes to ask the question whet her any of
the cells in the testes had the receptor for AAV,
whi ch Jude Samul ski's group had previously reported
to be heparan sul fate proteoglycan.

So what we are | ooking at here is a
stai ned section of the non-human private testes,
and the heparan sulfate proteoglycan is stained and
nucl ei are stained blue with DAPI. \What you can
clearly see is that the receptor, heparan sulfate

proteoglycan is present in the basenent nenbranes
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surroundi ng the sem ni ferous tubules, but none of
the spermatogenic cells are staining positive to
HSPG, suggesting that these cells would be
non- perm ssive for AAV infection

VWhat | have just shown you has
denonstrated that at |least in sonme ani mal species,
we do see di ssem nation of AAV vector to gonads,
and al though we didn't see dissenination of vector
to the semen in dogs, Valder Arruda will show sone
data denonstrating that we do get vector
di ssem nation to semen of rabbits, and Mark Kay
al so just presented our data fromthe clinica
trial denobnstrating that we are seeing vector
di ssem nation in human patients.

So there certainly is the risk for both
hori zontal and vertical gernmine transm ssion
What | would like to present now are sone studies
that we have been working on and al so sone
publ i shed work that addresses the risk of AAV
di ssem nation in both horizontal and vertica
transm ssion.

The first study is a paper fromPhilip
Moray's [ph] | ab | ooking at vector shedding in a
nunber of biological fluids, and then | wll

present the devel opnent of a cell-based infectivity
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assay, so that we can now begin to | ook at
bi ol ogi cal activity of AAV in senen sanpl es.

Then, | will also address the issue of
vertical transm ssion by describing an experinment
that we have initiated in collaboration with Dr
Jon Gordon to see whether AAV can infect nurine
spermcells

[Slide.

So, the study that was published in the
Journal of Mol ecular Therapy | ast Decenber from
Philip Moray's group is shown on this slide. They
i njected 8 nonkeys with an AAV-Epo vector at doses
ranging fromb5 x 108 to 1 x 1010 infectious units
per kilogram and their vector had a particle
infectivity ratio of about 100.

This vector was inject intramuscularly and
then at various tine points post-injection, a
nunber of body fluids, such as serum feces, urine,
saliva, lacriml and nasal, but not senen, were
eval uated both by PCR for vector sequences and
using a replication center assay to | ook for
bi ol ogi cal |y active AAV.

In addition, they | ooked in the periphera
bl ood nmononucl ear cells for vector sequences

[Slide.
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This is a figure fromtheir paper, which
shows the results of the replication center assay.
In this assay, cells are coinfected with AAV and
t he hel per virus for AAD, adenovirus. Foll ow ng
i ncubation for several days, the cells are
harvested and filtered onto a nyl on nenbrane and
then harbodi zed to a radi oactive probe.

So what we are | ooking here is the ability
of AAV in the presence of its helper virus, to both
infect and replicate in this cell

The panel on the lefthand slide shows the
controls. This is AAV that has been spiked just
into nedia, and you can detect 1,000 down to 1
i nfectious unit. However, when the AAV is spiked
into either serum feces, urine, the |evel of
sensitivity in the assay decreased about 10- to
100- f ol d.

On the righthand portion of the slide is
the results of testing the serumfromtwo of the
nonkeys, and you can see that 30 m nutes
post-injection there is evidence of biologically
active AAV in the serum and you can al so detect
sonme activity one day and two days post-injection
but by five days post-injection, there is no |onger

any biological activity in the serum
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[Slide.

This slide just sunmarizes the results
fromall 8 nonkeys. The red bars indicate a
30-minute time point. The yellow bars represent a
one-day tinme point, and the blue bars represent the
two-day tinme point.

Basically, you can see that in all of the
animals, by three to four days post-injection,
there is no | onger any biologically active AAV in
the serum They also tested other body fluids, but
they only found activity in the serum

[Slide.

Finally, they also | ooked for AAV
sequences in peripheral blood nmononucl ear cells,
and surprisingly, they were able to detect this
signal out to 10 to 15 nonths post-injection. So
vector sequences can be persistently detected in
t he peripheral bl ood nononucl ear cells

[Slide.

So, just to summarize their data, AAV
vector sequences are detected in all body fluids by
PCR for approximately 6 days. | didn't show you
this, but they did also denonstrate that the PCR
signal is due to packaged AAV sequences rather than

free DNA.
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They al so denonstrated that biologically
active AAV was detected in serumfor 48 to 72
hours, suggesting that the risk of horizonta
transmission is linmted to a short period of tine
post-injection.

Finally, they also concluded that vector
sequences can be detected in the PBMCs for as |ong
as 10 to 15 nonths follow ng an intranuscul ar
adm ni stration

[ Slide.

After discussions with the FDA and al so
foll owi ng the Decenber RAC neeting, it becane clear
that it was inportant to devel op an assay, so that
we coul d detect or try to detect biologically
active AAV in senen sanples, so this just
schematically illustrates the assay that we have
been devel opi ng.

Basically, it is simlar to the
replication center assay that | just described,
however, the readout of replication in this case
relies on a quantitative PCR assay rather than a
hybri di zati on.

So basically HeLa cells which express the
AAR Rep and Cap genes are incubated in the presence

of 100 microliters of senmen with increasing doses



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of an AAV factor | X vector and wi th adenovirus.

Then, 72 post-injection the cells are
harvest ed, DNA extracted, and subjected to
quantitative PCR

[Slide.

This just depicts a typical result from
this assay where the intensity of the red color is
meant to represent the amount of PCR anplification
detected in the well. So in the case of just
spi king vector into nedia, you can see that we can
detect as few as 10 to 50 vector genones per well
however, when the AAV is spiked into senen, the
| evel of sensitivity of the assay decreases about
10-fold, so that now the | owest dose that results
in an anplification signal is 500 vector genones
per well per 100 microliters or 5,000 vector
genones per m of senen.

So what we intend to do with patient and
ani mal senmen is two different assays. First of
all, we will sinply extract DNA fromthe sanple and
do quantitative PCR to deternine the nunber of
vector genonme per m, and in addition, we wll take
a portion of the sample, run the infectivity assay
to determ ne the infectious units per m of senen,

and then we will be able to nonitor and conpare the
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ki netics of clearance of both the physical and the
i nfectious particles.

[Slide.

To address the issue of vertica
transm ssion, as | nentioned, we have initiated a
collaboration with Dr. Gordon. |In this case, what
we propose to do is expose nurine spermcells to
very high doses of AAV.

We feel this is a very rigorous test of
whet her AAV can actually transduce sperm alt hough a
very non-natural situation, but this slide just
illustrates the steps that are being taken

First of all, murine spermare isolated
and then exposed to an AAV factor | X vector at an
MO of about 1,000. The spermare used in an in
vitro fertilization, and then the fertilized
oocytes are inplanted into pseudopregnant fenmles.

The fetuses will be harvested 10 to 12
days post-gestation, DNA will be extracted and
subj ected to southern blot analysis, and what we
will be looking for is single copy AAV factor IX
sequences in genomc DNA, and if we are able to
detect one copy per diploid genonme, that will be
used as evidence of vertical germine transm ssion

[Slide.
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Just to summarize what | have just been
di scussing, first of all, the extent of vector
di ssem nation to aninmal tissues correlates with
dose and decreases with tinme.

Fol l owi ng i ntrahepatic delivery of AAY,
vector is either absent from gonadal tissue, which
was the case in the dogs and the non-human
primtes, or present at levels 1,000-fold | ower
than liver, as in the case with the rats, and in
this case it clears with tine.

The studies in the non-human prinmate
suggest that AAV in serumis not infectious after
72 hours, but vector signal can be detected in
PMBCs for up to 10 nonths after an intranuscul ar
admi ni stration.

The AAV receptor, HSPG is not expressed
on non- human primte spermatogonial cells,
suggesting that these cells may not be infected by
AAV.

Finally, we believe that the data is
consi stent with hematogenous di sseni nati on of
vector to gonads with clearance over tinmne.

[Slide.

So the issues that we are continuing to

address are, first of all, is there infectious
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virus in senen,

and as |

nmenti oned, we have

devel oped an infectivity assay which we intend to

use both on humans and ani mal senmen sanpl es.

Anot her question is are the vector

sequences in senen associated with the notile

sperm

other cells, or

the semnal fluid, and as

Mar k Kay nentioned, we have begun fractionating the

human semen sanpl es,

and we have al so begun doi ng

this with rabbit sanples, as you will hear in the

next presentation.

answer

Anot her question that we are trying to

i's can AAV infect

mat ure spermcells, and we

have initiated a study using |IVF to denobnstrate or

not denopnstrate this in ani mal nodel s.

t hen di scussing al

Woul d t hat

I will stop there.

DR.  SALOVON:

Thank you very nuch, Linda

I was thinking of doing the next talk and

three of the talks as a group

be okay with everybody? | got the

feeling Avigen was kind of packaging this as a

group.

Assessing the Ri sk of Germine Transm ssion of

AAV in a Rabbit Mode

Val der Arruda, M D

DR, ARRUDA:

would |ike to talk now
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about preclinical studies, address the issue of
bi odi stribution follow ng injection of an AAV
vector into rabbits as a nodel to anal yze the

i nadvertent gernline transm ssion

[Slide.

Aninmals in these studies were injected
with the sane vector to be used in clinical trial
The doses ranged from1l x 1011 to 1 x 1013 vg/kg.

Senen is collected at serial time points
after injections, we intend to fractionate the
senmen, analyze the total senen and fractions by PCR

devel oped by the human speci nens, as Dr. Kay said

bef or e.

[Slide.

Al t hough when we tal king collection of
semen for rabbits, | like just to nmention that the

nmet hod we are using is the natural nmethod, using an
artificial vagina that has an advantage, it
provi des an uncontam nated sanple for each ani nal
However, this nmethod has a di sadvant age.
The animal requires to be trained to do this
procedure, and this has some inplication, as you
will hear later on during ny talk.
[Slide.

When we tal k about senen, we talk actually
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a marker, what happens in both genital and urinary
tract. Actually, 70 percent of what we cal

ej acul ate conmes fromthe sem nal vesicle, 20
percent fromthe prostate gland, and only 5 percent
fromtests and ducts, and a small portion from
accessory gl ands.

Al so, although spermatozoa is the main
cel lul ar conponent of senen, there are other cells
that is special for our case is really inportant to
know, and these cells are present normal in fertile
donors |ike |l eucocytes, epithelial cells, inmmture
germine cells, and enucl eated cytoplasm and this
can be around the cells.

Al so, for rabbits, are comonly found
debris in gel. GCel especially cones fromejacul ate
of young animals. Together, this explains the
reasons why we would like to fractionate the tota
semen before we save it in aliquot to analyze the
total senen, we go for fractionation to obtain the
notil e spermand seninal fluid and the nornal type

[Slide.

VWhat we have up to now is actually 3
cohort of animals that has been injected in tota
27 rabbits.

The first cohort consists of 12 ani mals.
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They were 5 nonths old at the tinme of injection
Al t hough sexually mature, these aninals were not
experienced in senmen collection, so we are
restricted to analyze only later tinme points.

It was necessary to go back and | ook for
experienced animals. At this point, we could get 3
animals. They were 18 nonths old and senen was
col | ected weekly.

More recently, we have a group of 12
rabbits, median age are around 20 nonths, and these
we obtained fromretired breeders.

What | amgoing to start to showto you is
the result of the 10 in the second cohort foll owed
by the third cohort, and only the later time point
for the very first group we inject.

[Slide.

For all these aninmals, serum sanple was
collected 24 hours injections for the 8 and up to 7
days. For all of them we have augnented vector
sequences by the PCR

Typi cally, each sanple that has been
anal yzed for each animal are represented here. W
run assay in triplicate with just senen and one
spi ked experinent to exclude PCR inhibition

As you can see here, this is the first
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experienced rabbits that we inject. At the | ow
dose, no signal was detected, in the triplicate
experinment, one single band out of triplicate in
the m d-dose cohort, and the higher dosed ani nmal
three out of three. This higher dose, although it
is not a qualitative assay, is close to 10 cups of
vector plasmd.

[Slide.

So this table shows the serial tine points
fromthe three experinents, rabbits ranged for 7
days following injection up to 115 days. Each
assay, as you can see here, was run in triplicate
in the yellow line, the senen that was detected as
a positive signal. For the |ower dose animal, we
never detected any signal during this period. For
the m d-dose aninmal, signal has been detected up to
day 22, for the higher dose, up to day 44

[Slide.

We attenpt to fractionate the rabbit senen
and the optimal fractionation actually depend on
the size and shape of the sperm as well as the pH
of the senen. At the very first time point, we use
par aneters worked out for human semen, and actually
reagents for human senen, and when you | ook under

the m croscope, we saw a | ot of agglutinations,
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cell debris. You can see that even after fall in
fractionation, you concentrate fraction of notile
sperm but it still has a | ot of debris.

[Slide.

VWhen one conpares germcells for human and
rabbits, they are different, so the vol une of
ejaculate is smaller in rabbits, and we anticipate
that this would be a problemfor fractionation as
for humans, although the density of the spermin
rabbits is higher, the characteristics of this
spermis different. They are pretty nuch the sane
total length, but the distribution is different.

[Slide.

So, we talked with people at this conpany,
Ni dacon, and they actually in-house sone reagents
to use for rabbits. W didn't use if that was
really hel pful or not, so we just took a chance and
we used the reagents that have been devel oped for
rabbits. Not only the grade had changed, but al so
the centrifugation conditions changed.

After that, we inproved the fractionation
but occasionally, we still detect 1 or 2 percent of
cells other than notile sperm

[Slide.

So these results are fromthe first three
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experienced animals. The top animal is what |
showed before. So these are the points that we are
able to fractionate the semen in these aninals.

As you can see, the notile sperm anal ysis
shows a positive signal in the m d-dose animal.
The hi gh-dose animal, at this point, the volume was
not enough to allow fractionation. It was just 200
mcroliters. So, we saved it only for the tota
semen anal ysis.

After day 7, the second tinme point was day
22, and all the animals turns out to be negative,
and up to here, we use the human protocol, and
after this, the rabbit protocol, but after that, as
you can see, no signal has been identified by the
same PCR reaction.

For the normal type sperm seminal fluids,
agai n, we have seen signal positive for the
m d- dose group and from the higher dose group, and
again, for |ow dose animl, we have never been able
to detect

[Slide.

Now, | will show the third cohort. these
are 12 rabbits, experience rabbits, and we have
only two tine points. It is inportant here that we

have tinme point 7 - 15 days, 15 days we didn't have
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for the very first group, we just skipped to day
22nd.

This is the total semen. You can see that
three animals on the | ow dose cohort was positive
at 7 days, but became negative at 15 days. For the
m d-dose and the hi gh-dose, these aninmals are stil
positive although decrease in nunbers at the nornal
type spermfraction, also we can see that the
hi gher the dose, the higher the nunmber of aninmals
positive up to this early tinme point.

The notile sperm anal ysis, we have not
observed any positive signal for the | ower dose
animal, a positive signal for the mid-dose and
hi gh-dose, and again | would say that at this
point, the positive didn't change nuch from?7 to 15
days. We still collect today, actually, the day
21.

The | ast group, these are the first cohort
that we inject that we inexperienced at that tine,
so it took us |ike a couple weeks to train these
animal s and now they are able to provide the
speci nen.

So we have here, we collect senen for
groups that were injected a week apart. That is

why we have this range of days, fromthe | ow, md,
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and hi gh dose, they are persistent negatively unti
day 132.

It is interesting as Dr. Couto showed
before, in non-human primtes, one can detect
peri pheral bl ood nononucl ear bl ood cells positive
at late tinme points follow ng AAV injection. Here,
we al so have been able to detect that these
animals, they present positive signal in their
peri pheral white blood cells, and the top pane
shows, at the same tinme, which corresponds to three
nonths following injection, the total senen are
negati ve.

I am not going to go into detail into the
rabbit experinent, this is just to represent a
schematic, a very sinplistic overview to say that
these are nunbers of days that get usually a
spermat ogen cycle in rabbits takes up to 42 days.

Initially, the stemcell, it is outside
the protected area, so outside the blood-testis
barrier. After day 16, cross the bl ood barrier
came to spermatocytes, and takes up to 10 days from
the mature cells, spermatozoa, to get to the senen.

So, you assune that the stemcell has been
exposed to a vector at day zero. The first tine

poi nt that one aninmal should show up a positive
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signal in the senmen started at day 52, maybe with a
peak at day 58, and after that, you have the
st eady- state signal

If you put back the three cohorts of
animals we inject so far, we can tell the
following. W detect PCR-positive signal in tota
semen or sone fractions, 7, 15, 20, and 44 days.
The PCR becones negative, the old sanple tests
after day 50. This is for the first three cohorts
of animals, and this is for the very first 12
animals that we start collecting at day 86 up to
day 1 to 132.

If we consider that the rabbits
sper mat ogenesi s single sites 44, 42, 46 days, at
this time point that we analyze, we will be able to
anal yze at least two to three sites of the tota
rabbit spernmatogenesis.

Al t hough it doesn't |ook Iike we are
transduci ng any inmature or stemcell at this point
following only two or three sites of
spermat ogenesi s, there has been tal k before here
was that possibility that actually the vector cross
t he basal conpartnment, cross the bl ood-testis
barrier, and gets into nore mature cells at this

poi nt .
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I even should skip this, but I will try to
do what has been said before that may not work, and
didn't work, that is was put nmulti-sperm of these
rabbits in culture. This is just to show -- | hope
you can appreciate these are spernmatozoas, and
these we still found some cells into the notile
sperm fraction, and unfortunately, by this conputer
thing, we cannot neke the picture come out.

VWhat we did, we exposed these cells to
AAV2 under a CMW control expressing a GFP. The MO
used a range from1 to 5,000, and the conmittee has
a cut that we provide, shows that only that cel
that | identify here, it |ooks like a bean or
sonmething |ike that, actually turns out to be
positive for GFP. Any other, the notile cells were
positive.

So, initially, for the nuscle trial, we
performed pretty nuch a simlar series of
experi ments, used the sanme nodel, the rabbit, and
would just like to summarize this. This actually
has been published in 2001, and what we are able to
identify follow ng intramuscul ar injection of AAV2
into rabbits was the foll ow ng.

We performed a series of |IF staining and

FI SH anal ysis shows that we can detect signal from
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the vector, and this is localized in the vesse
wal | and the testicul ar basenment menbrane, which
are rich structures for heparan sulfate

prot eogl ycan, which there is no receptor for AAV
serotype 2.

The detectabl e signal especially in the
gonads di sappears with tine. It is inportant to
remenber that in this cohort of rabbits, no senen
signal was ever identified, and also into the
gonads, we neither detected any intracellular
si gnal when you analyze animals followi ng 7, 36,
and 90 days.

This is just to represent what we believe
that the signal, this is IF staining, what you cal
| ocalization for the AAV capsid and for heparan
sul fate proteoglycan on the vessel wall in the
testis basenent menbrane.

So, in the last experinent that | would
like to showis attenpt to transduce not mature
spermat ozoa, but inmature spernmatozoa. In this we
have nurine cells in culture in which nurine
sper mat ogoni a and Sertoli cells were co-cultured.

We transduced again with AAV2 under
control of the CW pronotor expressing lacZ at the

MO 5000, and we stain for x-gal. Here, it showed
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the signal. Just before, | should say, that we
identified the spermatogonia by i munostaining with
a nmonocl onal antibodies to germcell nucle

antigen.

This is the result. At the bottomis the
nouse spermatogonia and Sertoli cells that give
this kind of reddish signal. 1In contrast, if you
take the sane transduced nodel, the fibroblasts or
human [inaudible] it turns blue.

I would like to conclude that intravenous
adm nistration of the dose of AAV up to 1 x 1013 in
rabbits results in transient detectable signal in
senmen in a dose-dependent manner

PRC positivity of the semen persists up to
day 44 in that cohort, that we have follow up for
al nrost 100 days reveal ed no positive signal, which
is a duration of 2 or 3 tines of the rabbit
sper mat ogenesi s.

Vect or signal can be detected in
peri pheral nononucl ear blood cells for at |east
three nonths in rabbits in contrast to non-hunman
pri mates, we know that this can go up to 10 nonths,
but the vector is not biologically active after day
7.

I n ongoi ng experinments, you can predict
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that we will continue follow up with kinetic

cl earance, deternination of anatom c |ocalization
of signal as a function of the vector dose
followi ng intravascul ar injection.

To determ ne whether AAV infectivity is
detected in rabbit senen, we are foll owed by the
experinments that Dr. Couto has before. As well, we
woul d I'ike to determ ne whet her receptor for AAV2
is present in mice, rabbit, and human spermatozoa.
That could give us sone idea

I will stop here.

DR. SALOVON: | want to make sure we al
understand where we are going. Wat we are going
to do now is have a discussion of the three talks
that came, followed by people who have been invited
to speak in the public hearing.

We had tal ked about noving that out of
order, but | amtold that is not proper, but to
reassure everybody that we will discuss the
guestions to the conmmttee after that, so that
everything will be on the table before we get to
t he questi ons.

I think there are a nunmber of interesting
i ssues raised by the these three presentations, and

I would like to put those open for some di scussion.
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QA

DR. DYM | had a question for Dr. Couto,
pl ease, just a clarification, and maybe | didn't
under stand sone things, but when you showed very
el egantly that the receptor for AAV is around the
sem ni ferous tubule and in the interstitial spaces,
not inside the tubule, but then you didn't show AAV
in the gonads.

Isn't there a discrepancy there?
Shouldn't it show up in gonad if the receptor is
there, or did | niss sonething?

DR. COUTO That particular section was an
ani mal that was not even injected with an AAV
vector, so we were just strictly looking at to tel
whet her the receptor for AAV is even present in a
non- human prinmate testis.

DR. DYM But in your other nonkey tissue,
didn't you say it is not detectable in testis?

DR. COUTO The AAV sequences are not
detectable in the gonadal tissue, correct, by PCR

DR. DYM So, wouldn't they be there,
because the receptor is there? | am m ssing
sonet hi ng.

DR. HHGH: Can | clarify that question?
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So, the answer to your very perceptive question, if
you | ook in the Mol ecul ar Therapy paper, there is
actually a FISH anal ysis of a rabbit testis from an
animal sacrificed at day 7, after injection with
AAV, and in that, you can see tracking in the same
| ocation that Dr. Couto showed in the non-hunman
primate testis.

You can see AAV vector detected by FISH
analysis in the same | ocation along the testicular
basenent nmenbrane and actually around the vesse
wall, as well. You can detect that at day 7, but
by |l onger tinme points, which were presented in
several of the studies that Dr. Couto did, both in
rabbits and in other species, as well, if you | ook
at later tinme points |like 50 days after or 100 days
or 135 days, you don't see AAV vector any |longer in
t he gonadal tissue.

So, your point is correct, and if you | ook
early on, you can see that, and that has been
publ i shed in that Mol ecular Therapy study or day 7,
but at later tine points you don't see it.

DR. SALOMON: | have a coupl e questions.
Goi ng back to the very beginning, | posed a
guestion about if spermwere not transcriptionally

active, then, how do you interpret an experinment
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where you put in a CW-GFP vector?

DR. ARRUDA: | don't think that is the
i deal experinment. We just want to see if one could
transduce notile spermin culture. There are sone
peopl e that say they can, in fact, transduce sone
mat ure spermat ozoa usi ng nNDre aggressive ways. W
do not expect anything else. It wasn't a surprise
that the results were negative, but | think the
best way to answer your question is to perform an
experiment that Dr. Couto is doing with transducer
cells in culture, and then you do in vitro
fertilization and see the outcone.

DR. SALOMON: | certainly don't think that
the evidence that you didn't get GFP expression
real |y addressed anyt hing.

DR. ARRUDA: | agree.

DR. SALOMON: If it had been positive, |
agree it would have been inportant, but | don't
know what is the point in showing it as negative.

DR. ARRUDA: | agree with that, and al so
it has been published that one can detect lacZ in
this spernmatozoa

DR. SALOMON: What | would like to hear
some di scussion of is whether the experinent that

Dr. Couto presented, and | guess that is going to
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be done with you, Jon, is the best study.

| have some concerns about that. It is a
very good study. It seens to nme that it is really
al nost goi ng over the top, which you said yourself,
Jon, was what you should do. So I would like to
hear your comment on that as a point of discussion

It seenms to nme you have a reagent,
however, that would al so be extrenely useful, and
that would be to take your AAV-CW promoter GFP and
put it into the rabbit, and then actually trace GFP
expression in different conpartnents particularly
in this case, of course, in the spernatogonia,
mean so you could do it at different -- | don't
need to tell you all the different variations of
that, but that seens to ne to be the nost
physi ol ogi ¢ experi ment.

DR. GORDON: | want to nmake a brief
comment on that. It is no surprise that spermwl|l
not express genes put into them but that doesn't
mean that genes aren't in there, and couldn't be
expressed late, just to reenphasize the strategy of
doing this | VF.

The other comment i would make is if there
were AAV-CW lacz, | haven't |ooked for GFP in

enbryos, although | amsure it can be done, but if
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there were |lacZ vectors, where I know | can | ook,
you could | ook at thousands of cells in a very
short tine after exposing spermto such a vector
and just sinply stainings on an intact enmbryo. W
did that for adenovirus, it worked really well, and
that would be a very nice protection agai nst
cont am nati on when one harvests fetuses and the
strategy that we are taking, which is of ngjor
concern to us, and which has been di scussed anongst
us over the |last few weeks.

DR. COUTO There is another experinent
that we have thought of doing, and it is based on
an experinment that Bob Braun's |ab has done with
adenovirus, where they had an adenovirus that had
an expression cassette that has a protam ne
promot er hooked up to a |lacZ vector

In that case, they are doing a natura
route of adm nistration, and then | ooking to see
whet her all of the progenitor spermtogonia,
spermatocytes, et cetera, in an entire seniniferous
tubul e turn blue over the course of tine. That is
anot her experinment that would not only | ook at the
mature sperm but also the immture sperm

DR. SALOVON: The idea there is to use the

protam ne pronoter as kind of a tissue-specific
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pronoter, so that is even cooler, as would say in
Cal i fornia.

Jon, the question that | had for you was
the experinent that they are tal king about where
you essentially culture the spermw th 1,000 MJ
and then you go and do IBF. Isn't that just going
to have a bunch of DNA coating the spern? Don't we
al ready know the results of this experinent before
they do it?

DR. GORDON: Meaning you think it would be

positive. Well, | can just say that we did that
with adenovirus. The rationale of this -- and it
was not positive -- the rationale for this is that

if AAV arrives to senen, then, it can expose notile
sperm and in the rabbit, notile sperm seened to be
associ ated with AAV.

So the question then is can these carry
t he genones into the enbryo via the natura
fertilization process. As | pointed out in ny
talk, that is not easy to do, and we certainly did
not find that to be the case with adenovirus, even
at 100 viruses per cell, so we would not predict it
to be positive, nostly because of the investnents
of the spermare nostly lost en route through the

zona, and so on.
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So we don't expect it to be positive. |If
it's positive, we have to look at why that is true,
whether it is really transduction or whether it is
so much AAV in our |IBF prep that we couldn't get
rid of it all, sonmething like that.

DR. SALOMON: So, Jon, | have to ask the
stupid question. So why did your DNA experinents
wor k when you coated the sperm so why does that
wor k?

DR. GORDON: That works only if you | oad
the sperminto a mcroneedl e, push the nicroneedl e
t hrough the zona, then through the plasnma nmenbrane
of the egg, and then insert the spermw th the DNA
around it directly into the cytoplasm That worKks.
| say to you that | don't believe the Cell paper
which said that just mixing it with DNA and doi ng
| BF works, since no one seens to be able to repeat
it including ne.

DR. SALOVON: Thank you for that
clarification.

DR. KAY: | just want to nmake a comrent
that even under the very worse scenario, where you
do get carrying in of the single-stranded genone
into the enbryo, at very | ow copy nunber, even one

copy, the chances that that single-stranded genomne
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is going to becone double-stranded is very | ow,

DR. GORDON: Another final comment about
the thing | said about exposing them and then
| ooki ng for expression in enbryos, that is a
problemw th the kinetics of AAV genone activation
It takes a long time, as | understand it, to
actually turn the genes on, and so the experinent
is alittle bit less easy to do with that, as are
experiments with protam ne pronoters, and so on
with AAV, just because it takes a long tinme to turn
t he genone on.

DR. SALOMON:. Dr. Rao.

DR. RAO This is for Dr. Arruda. There
are two things which weren't absolutely clear to ne
in your presentation. Wen you showed the
spermatogonia in culture and you | ooked at AAV
infection with the high MO of infection, there

were sone infection. You showed 293's at the sane

time?

DR. ARRUDA: Yes. W have two cell lines
as control. Those are 293 cells with human cel
line and the nurine cell line, the fibroblasts,

t hat was positive.
DR. RAO But the spermatogonia were not?

DR. ARRUDA: The nurine spermatogoni a was
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not. That experinment was murine spermtogoni a.

DR. RAO And when you see positivity in
the rabbit notile sperm fractionated sperm where
do you think the virus is there? | mean you

fractionate the rabbit sperm

fracti

DR. ARRUDA: Yes.

DR. RAO And you take the notile

on, which you now

have purified.

DR. ARRUDA: Yes.

DR. RAO. You think there are no

contanminating cells, right? And you see by PCR

that there is

some positivity, right?

DR. ARRUDA: That's correct.

DR. RAO \VWhere do you think that is

com ng fron®

use what we cal

DR. ARRUDA: |If you renenber, even when we

the optiml protocol, it is a list

devel oped for rabbits, reagents for rabbits, we

stil

kind of cells are those,

cells,

see sone debris, which you don't know which

and also no nmotile sperm

ot her than, any other, so it is a nore

concentrated fraction of notile spermup to 87 or

95 percent, but we stil

ani ma

see sone of those.

Just fromtechnical reasons like if the

has very little,

urinated during the
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procedure, you are contani nated, you don't see that
unl ess the thing turns out to be yellow sh, things
like this.

DR. SALOVON: Dr. High

DR. HIGH: | just want to underscore the
poi nt that you raised in that question, because it
is really critical to the kind of analysis that we
are trying to do, and I amnot sure we are really
on the right track

That is, that what senen fractionation
does is enrich for notile sperm but it doesn't
really exclude all other cell types, so when you
take semen fractionation and couple it with a
procedure |ike PCR, which will certainly detect
smal | amounts of contami nating material that may
not be fromnotile sperm then, have we really cone
up with the best test. So your point is well nade.

DR. DYM This is for Dr. Kay. It is sort
of a comment, maybe a question related to maybe why
it seems difficult to get the vectors into the
germine or into the gonads.

When you put it into the liver, it, of
course, goes straight into the liver, maybe a
little bit goes via the artery, gastroduodena

artery to the upper part of the G tract, and then
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it goes into the capillary spaces, and so on, then
back to the heart, back to the aorta.

Now, those testicular arteries, | know
themvery well in the human al so. They are tiny,
little things, and it may not just get down there
agai n.

DR. KAY: | actually would say that it
probably does, and let ne explain how the |iver
flow works. First of all, the catheter is
bal | ooned at a point that is past the
gast roduodenal , so there shouldn't be backflow into
that artery directly.

However, even by clanping off the hepatic
artery, nost of the blood flow through the |iver
still occurs because 60 percent of blood flow
through the liver is through the porta
vascul ature.

So, what we suspect happens is that you
get actually infusion into the liver, and that you
actually get washing into the venous side through
the portal circulation into the vena cava, and then
you get di ssem nated fl ow.

If you look at animals in biodistribution
studi es that have got an hepatic artery or portal

vein, or what have you, you do find the vector in
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ot her tissues, but at very |low concentrations. To

the best that we can tell, at a reasonable rate,

and, you know, we can define that statistically or

not, the only other tissue that we have really seen

anyt hing that woul d be even suggestive of

transduced cells is a rare positive cell in the

spl een.

DR. DM Do you know then the cl earance

of this?

DR. KAY: No,

we don't know that. That is

sonmet hing that we are actually working on in aninal

nodels. It is alnost inpossible to do in mce, and

we have devel oped sonme surgical techniques in the

rat where we have actually clanped off the vena

cava in the portal vein and then just infusing the

liver, let it sit at different dwell tines and then

rel ease the clanp, and then are | ooking at how much

gets into the rest of the circulation

I think the question is how rmuch of it

gets into the liver on the first pass, and things

li ke that, and we don't

have a definitive answer

for that, but we are doing studies as best we can

to try to address it.

DR. SALOVON: Dr. Gordon.

DR. GORDON

just wanted to reenphasize
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again this discussion with Dr. Hi gh that just
preceded that, if the notile spermfractionation
results in the detection of this material, that
doesn't mean that it is on the sperm but it
certainly neans that the spermcould conme in
contact with it. That is really the issue in these
| BF strategies.

If the spermcan cone in contact with it,
does that nmean that they can carry it in and cause
vertical germine transm ssion, and that is why |
feel it is necessary to make sure that you do that
experi ment.

I can tell you that w th adenovirus they
don't. | think it is hard to do that, and | don't
think it will happen with AAV either, but a
di scussi on of exactly where it is sitting in the
nmotile spermfraction isn't really that rel evant.
You know that that neans it could come in contact
with notile sperm

DR. SALOMON:. Do we know that there is any
heparan sul fate proteoglycans on the spermitsel f?
I know that they showed the picture that the
sper mat ogoni a and the sem ni ferous tubul es seened
to be negative.

DR. GORDON: | don't know the answer to
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t hat .

DR. SALOMON:. | guess that follows up to
me a question. That is, you showed the HSG
expression in the sem niferous tubule as a point
i ke reassuring us that the target wasn't there.
am not an expert on AAV, so | defer to ny
col | eagues on this.

| mean is that it? | nmean there is not
ot her cell attachnent nolecule? | nmean if so, that
woul d seemto be rather unique since every tine |
think that is it, there is always sonething el se.

Jude? bviously, | amlooking at you.

DR. SAMJLSKI: It has been shown that FGF
will also bind to virus, and we know that al pha-V,
beta 5 is like a co-receptor, so it is not an al
or none scenario, but it is a good indicator if
those cells are likely to take virus up. You
typically heparan. It is not just heparan itself
either, it's high sulfonated heparan, so there is
di fferent kinds of heparan.

DR. MJLLI GAN: The infection point in the
rabbit, how does the rabbit conpare for AAV2
relative to other kinds of cells? That is
obviously, the nodel is only as good as how

sensitive it is. 1s there a way you have tried to
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| ook at a range of different rabbit kinds of cells
versus other kinds of cells, human cells to see if
rabbit cells are equally, in a general way,
susceptible to infection? There is definitely in
the AAV serotype business, great differences, not
only species differences, but also obviously,
tissue differences?

DR. ARRUDA: We have sone idea. As |
said, we inject the same vector that has been used
inthe clinical trials, so it is expressing human
factor I X, and the cohort of animals, that is of
t he hi ghest dose, we are able to detect human
factor 1 X in the rabbit plasm

So what this tells us is that | can say
how it transduce efficiently in liver cells.

DR. MJLLI GAN: Conparable to the anopunt
you have?

DR. ARRUDA: No, it's |lower than because
the major difference is that we did I.V. infusion
not deliver into the hepatic artery, and if you do
these in the sanme animal, you see 5 or even |ess
expression follow I.V. That is why we have to go
into the hepatic artery.

DR. MJULLIGAN: If you just conpare |.V.

and the anpunts versus the rabbit, is it
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conpar abl e?

DR. ARRUDA: | would say not, because the
nouse, we inject -- you can correct ne -- sone of
this, like C57, they respond very well to |.V.

i nfusion conpared with even other strains.

DR. KAY: | think there is a conplicating
factor and that using human factor I X in a rabbit,
and do the rabbits develop inhibitors? | nean
because you get a slow rise of expression over
time, you may never hit the peak level, and in
mce, you know, it is very dependent on different
strains.

DR. MJULLIGAN: | know it's conplicated,
but I mean that ultimtely the question is whether
or not there is a way to have a sense of whether or
not the rabbit is as susceptible. | nean the
argunment in a way goes to your favor in that the
ani mal nodels for AAV may not be that good because
of the differences, |like with the VSVGs, a
pseudotype, you can infect all kinds of different,
1, 000 tissues.

AAV seens somewhat different as a vector
system because there are such big differences from
species to species and tissue and tissue. So it is

not clear whether the rabbit would be a better or
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worse system but it would be nice to have a sense

of typical tissues that people attenpt to do

transduction with, is it conparable.

DR. SALOMON: So you want to see data in a

rabbit, for exanple, show ng that intrahepatic

artery injection has a sonmewhat sinilar
transducti on efficiency.

DR. MULLI GAN: LacZ and nuscl e,

rabbit muscle, |ooking at the number of positive

in a

muscl es -- Jude, you must have done this sort of

thing. No?

DR. SAMJULSKI: Oficially, we have not

done this experinent.

DR. MJLLI GAN: How about unofficially?

DR. SAMJLSKI: Unofficially, we haven't

done it either.

[ Laughter.]

DR. KAY: Can | raise the issue of

hemat ogenous spread again? | nean this vector

unli ke the retroviruses and ot her vectors that are

bei ng used, that have a potential to integrate,

are

not pseudotyped, and they basically represent the

capsid of the wild-type virus.

During wild-type infection, there is going

to be sone henmatogenous spread although

am not
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sure that anyone knows what the concentration is,
and yet we haven't had any evidence of the AAV
sequences into the human germine, unlike what has
happened with nost manmals with retroviruses.

So, | think, in nature, that there is sone
hemat ogenous spread of the wild-type virus, yet it
hasn't been detected in our gernline

Any conment on that?

DR. MJULLIGAN: | want to switch back to
this infection question. 1In the case of doing in
vitro infections, there are different kinds of
cells, ny inpression was that people often with AAV
use very, very high multiplicities of infection
like 10,000 to 1, or 50,000 to 1

Do you feel confortable that you have
really, inthe in vitro rabbit infections, really
dosed, put on a virus to potentially detect
somet hi ng?

The question was, when you do in vitro
infections, different kinds of cells, what is the
maxi mum mul tiplicity of infection that you use to
see if something could be infected? Is it 5,000 or
is it 50,0007

DR. SAMJLSKI: In our hands, we have seen

things like certain fibroblasts or real refractory,
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162
and you need about 100,000 particles to it
transduced.

DR. MJLLI GAN: That was ny inpression. So
the question is, have you really, with all the
vagaries of the system have you really given it
the greater shot, unless | got that wong, you did
5,000 was your multiplicity of infection? Ws
there any reason you didn't test 10 tinmes that?

No.

DR. SALOVON: Trying to get some sort of
themes going here, it seenms to ne at |east three
different things could be discussed. The first
woul d be the idea that the adenovirus associ ates
with the spermor with -- well, actually with the
spermitself, and therefore, would be carried into
the femal e and might then enter the egg at the tine
of the spernmls fusion, and inadvertently deliver
the genetic material fromthe virus. That's one
possi bility.

| think that that possibility, Dr.
Gordon's and your experinent woul d address, so that
is a good thing, we don't have any data yet, but it
sounds |i ke you have got that on track

The second possibility would be that the

spermare carrying the virus, and | am not
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convinced that any of the tests we have seen so far
adequately address that. | amnot trying to be
overcritical either, because | can see how
difficult sone of these studies are to do, and
conmend you for doing things like figuring out how
to fractionate rabbit sperm and it shows how
careful you are trying to be.

But it still seenms to nme that when you are
dealing with literally mllions of spermin a
typi cal ejacul ate, and you are doi ng PCR studies
that were sensitive down to 1 in 30,000, that this
is not going to work, | nmean that that is not very
convi ncing, and specific studies of |ooking at in
Vi vo expression, or whether you use the GW, the
CMVMD pronoter or the protam ne pronoter, sonething
al ong those lines haven't been done yet.

I don't think that we really know the
answer to that part. | guess a third thing that
occurs to nme is that regardless of the germine
transfer question, if semen of nale patients had
got the vector for weeks and weeks, your patient at
the | owest dose is 14 weeks positive in senmen, is
that going to get transferred to vaginal cells and
other cells in nothers?

We all know through bitter experience with
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HV that that is a portal to the bl ood, as well
You know, how likely is it even if we just focus on
the senen positivity, to which there is no
conflict, right, I mean we all agree there is senen
positivity, are we going to see a |lot of the
partners infected and how does that inpact on
issues in terns of doing these studies?

DR. COUTO One thing that we are trying
to do to address that is with the devel opment of
this infectivity assay, at least try to denonstrate
that there possibly is, even if it's there, it's
not infectious.

There may be vector sequences there in the
senmen, but after a couple of days, maybe it's no
| onger infectious, so that is one thing that would
address that.

DR. SALOMON: So your assay would --

i nfectious, though -- you are saying won't
replicate if you add hel per virus and wil d-type
adeno for the Rep and Cap genes, but it doesn't
really address whether it just delivers the payl oad
gene, right? How likely will it be? Tell ne if |
am bei ng dunb.

But | mean how likely would it be that a

positive senen that actually has adenoviral capsid,
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that you inject it earlier in the hepatic artery,
will, when injected during sexual intercourse into
the female, just transfer it to vagi na nucosa?

DR. COUTG If it is able to infect the
cells and you provi de adenoviral help, it should be
able to replicate, and that is really what we are
asking in that assay, so | think we can rule that
out .

DR. KAY: The Mollier [ph] data suggested
that at least in the high end injected in the
bl ood, although the vector DNA was detected for a
I ong period of tine, the biological activity of
those particles dimnished to undetectable |evels
after a very short tinme.

So what | think Linda is trying to say,
just to reiterate, is that there is a reasonable
chance that the DNA or the particle could stick
around, but it may not be actually infectious or
able to transduce a cell

If it went into |ike, say, a vagina
epithelial cell one tine, you would never see that.
I nean it would be a single transduction event, it
woul dn't replicate. | guess the question is if it
was carried in on the sperminto an oocyte, what is

the chance of naked DNA or DNA that is partially
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exposed coul d get through the zona pellucida during
a fertilization event.

DR. GORDON: All | can say to that is |
don't think it has ever been seen in the literature
despite clains to the contrary.

DR. SALOMON. | wasn't trying to nmke
things too conplex. | guess | was just saying that
we are really not discussing just the Avigen factor
| X study even though that is on the table here, ny
feeling here is we are discussing just in genera
i ssues here. | greatly respect Avigen being here
and presenting it, because it is always great to
have a specific study to focus on, but we al so
don't want to | ose sight of the fact that there are
bi gger issues here.

So | amsaying that a |lot of different
clinical trials could cone along foll ow ng
potential success in the Avigen trial, and
certainly do wish you the best with this one.

Those coul d deliver gene payl oads that could be a
| ot nore serious than delivering sonme extra factor
I X to a worman inadvertently, so that is really al

| amtrying to say is if you start delivering --
oh, who knows, | don't want to nmake stuff up --

but, you know, just a gene payload that night be
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toxi c, whether that would be delivered to the
vagi na of the woman and produce sone problemthere.

Again, | amnot trying to make that a big
killer issue, but it seens |like from everything
have heard that it is still theoretically possible.

DR. MJULLIGAN: One thing that Jon's --
what do you call them provocative experinment --
woul d test is, in principle, whether or not any
AAV, since that is the worst case, we are soaking
things with the AAV, and then you are doing the
nost efficient neans of sex, nmmybe not the nost
efficient, but you are doing it so you are opening
up as much AAV as possible, so you could Iook for
things in addition to the integrated sequences.

I think I saw that you were going to test
only for integrated sequences. After the in vitro
fertilization experinent, it mght be useful to,
since you have the material, to | ook for whether or
not there is AAV. Presumably, if it wasn't
integrated, it would be dramatically diluted, but
it would be interesting to see if you could detect
it, because that would address in a sense the worst
case of whether or not, during sexual intercourse,
you can transfer AAV, and it can persist maybe as

an unintegrated form but these is sone infection.
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DR. GORDON: We are doing that.

DR. SAMJULSKI: | have a question, and it
is nore a curiosity. It seens that the so-called
debris and other contam nants are a nmjor
contributor to the positive results, and I am
wondering if people here have felt that the efforts
to purify these different fractions have been
exhaustively done, because it seens that when you
nove to other reagents, whether they are oligos or
pl asm ds, this is going to come up over and over

agai n.

If there is nore energy put into the first

step of the assay, of collecting and fractionating,
will we nove away fromthese long risk things and
get into a better assay that is going to tell us
there is sonmething worth paying attention to.
Again, | turn it back this way, because when you
hear soneone say this was optim zed for rabbits,
and this was optim zed for humans, does that nean
it has been done for 20 years and optim zed, or is
just gives themthe result they need to get
sonet hi ng away from sonet hi ng.

DR. GORDON: | just want to very briefly
comment on that. Even a fraction of notile sperm

is a very heterogeneous popul ation of cells. |
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mean sone of them have two heads. Sonme of them
have a huge cytoplasmic droplet, which can be cl ose
to the volune of a sperm

So when you actually try to do an
absolutely totally pure separation of notile sperm
fromeverything else with a simlar density,
simlar paraneters of nmeasurenent, sinmlar
configuration, it is very, very difficult, and
think that if you try to solve this problemthat
way, by getting a golden fractionation procedure,
you are going to be chasing your tail for a |long
time, not that | want to introduce other tails into
t he di scussi on.

DR. JUENGST: So, thinking generically,
kind of at the policy level, | think | |learned two
things this norning that increased ny sense that
there are risks here. The first one was the idea
that it is not just the integration of a factor IX
gene in a harm ess place on chronosone 19, but the
random i ntegration of genes fromthe episone
presence of the vector

The second was the increased risk even if
t hrough natural fertilization, it |ooks [ow with
artificial means of fertilization, ICSI and

infertility techniques, so it |ooks |ike the
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patients who are at greatest risk, hypothetically
speaki ng, worst case scenario, would be gene
therapy patients who then had fertility problens
and needed to go to a fertility clinic.

DR. SALOMON: To Jude's question, the
ot her way around here would be there is still no
evi dence that these vectors are getting into the
spermat ogoni a, so if you could do enough really
wel | designed, basic, preclinical work, you m ght
be able to make a good case that you just nonitor
the senen, and not be obsessing about all this
purification, et cetera, you know, if you could
convince yourself that it wasn't specifically being
carried in the germine package of the sperm

DR. GORDON: Let ne just say that | think
that is a very inportant point because if you
cannot transduce the spernmatogonia, then, when the
semen are clear, you can feel that they will be
clear, and that not another wave of spernatogenesis
will provide nore positive spermto the ejacul ate.

DR. SALOMON: Certainly, the data
presented today still do not give us any cause --
you know, there is no snoking gun yet that these
are being delivered to germline cells.

DR. MULLI GAN: Jon's work woul dn't address
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the worst case for trying to get an earlier
precursor infected, right? | nean that is, you
could think of the same Jon kind of approach where
you would put in as much AAV into exactly right
time and location, to do the sane sort of worst
case, and that probably would be the ultimte worst
case.

DR. SALOVON: Yes. In fact, that was the
poi nt I was meking, too, earlier. There was the
i ssue of whether it got in or didn't, but his
experinment addressed the latter, right, where it
was just attached to the outside.

But the experiments haven't been done yet
or designed yet or proposed yet to do the ones that
we both suggested, and that is, prove yes or no,
whether it gets into the spermatogonia, and if you
could get out of that, then, you could make the FDA
and the sponsor's life a | ot easier

DR. GORDON: Well, | just want to say
agai n that we have an abstract today at ASGT, in
whi ch we are devel oping this technique of perfusing
i ntact sem niferous tubules with very high
concentrations of vector. | showed sone of the
stuff from adeno expressing |lacZ, and again that

woul d be a very highly provocative test.
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It doesn't seemto disturb the
sper mat ogenesi s nuch, if at all, and that, with
nucl eic acid hybridizations, you wouldn't have to
rely on promoters and vectors with del ayed
expressions, which is AAV, would |I think be a good
standard to arrive to.

DR. NOGUCHI: Just to followup a little
bit on how provocative you be, Jon, wouldn't the
nost and even nore provocative state be to expose
spermto AAV, and then imediately do ICSI, and
then | ook at the outcones of that?

DR. GORDON: | think that would work
because then all the natural barriers to getting it
in would be circunvented, but | do enphasize those
are natural barriers and that is an artifactual
situation, however, as | was saying before in ny
talk, ny official talk, I mean there is a |ot of
clinical activity where these barriers are
bypassed, and | think that we should begin to be
interested in that subject, and | don't think that
is the subject for this nmeeting, but | think it is
a subject that the FDA needs to begin to get
interested in.

DR. MIULLIGAN: | like Phil's approach

because then it is really nore directed an
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integration question. It is like doing a
transgeni c system where you dunp in nore and nore
AAV in exactly the right -- for sonething that
happened, and you can see whether it does or
doesn't happen.

DR. NOGUCHI: It actually pertains in a
way, based on the discussion here, to this
experinment, as well, if, in fact, you have the
presence of vector even if it's not integrated, but
it is around, it could coat the spermor it could
be attached to the sperm That is the equival ent
of what we are tal king about. You have a vector, a
sperm a union with an egg, and things.

So | think they are two different things.
One is, is there integration into the actual person
being treated, and then the other part, can there
be a transmi ssion by other than biol ogical neans,
but just by pure nechanical. That is an issue that
pertains, and it is related also to the question of
how nmuch sensitivity is enough if we are going to
be tal ki ng about barrier contracepti on as a neans
to mtigate this period of washout, you know, how
much washout is enough.

DR. SALOMON. | guess as long as we are at

the nost provocative experinent discussion, | nmean
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you could sinply inject the AAV into the egg, and
then with the laczZ, and ask then in |ike a nouse
enbryo or in a chicken enbryo or in a rabbit
enbryo, where it was distributed, and ask the
questi on whether there is sone unusual integration
or whether it just quickly segregated.

DR. GORDON: Just a brief comrent on that.
We have anot her abstract at ASGI, about a
adenovirus injection directly into enmbryo, and what
we were doi ng was asking the question, does this
intricate cycle of virus on coating and
transl ocation of the genone to the nucleus, are
these obligate steps for expression, which has
al ways been assumed, but never been proven.

Now, the one-celled enbryo appears not to
have a receptor for adenovirus from our
experinments, and so what we did was injected the
virus directly into the cytoplasm and said, well
we will bypass the endosone and see what we can
get.

We never |acZ expression under those

circumstances. We then say, well, let's help the
virus even nore, we will put it right into the
pronucl eus, and we have done that. |In that case,

we see |low rates of enbryos that express which
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appear consistent with perhaps viral genones that
have been partially shredded by freezing and
t hawi ng.

To confirmthat, we took the viral genome
and just injected the pure DNA and got a very
simlar result. So in adeno, it doesn't appear
that the virus can actually do its thing if it's
not allowed to go through the regular cycle of
i nfection, but AAV, which is why | asked about
uncoati ng, when it uncoats, if you put that
directly in the pronucleus, it is a single-stranded
genone, but there is very active repair nmechani sns
in the pronucleus, and all of that, | should think
it would work, but I don't think it has ever been
tried. | would be happy to try it if someone wants
me to try it.

DR. SAMJLSKI: So, we actually did those
experiments, and if you renove the zona pellucida
and inject the virus, you can get blastocysts to
turn blue, so it will transduce those cells. It
doesn't work with adenovirus, just like you said,
for the same reason. When it cones out of
endosones, there is a proteolytic cleavage that is
responsi ble for the virus on coat, and if you don't

go through that pathway, it won't go through
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DR KAY: Is it integrated?

DR. SAMULSKI: W only did in vitro and
carried themout and were able to show that it
woul d transduce those cells, and when we started to
col l aborate with our colleagues to inplant them
back in for enbryos, the postdoc left, and all of
this stuff stopped, so we didn't do any nore on it.

DR. GORDON: What was the hel per for that?

DR. SAMJLSKI: There was no hel per. W
were sinply trying to find a better way of making
transgeni c ani mals using AAV as a way of delivering
genes, and showed that once could physically put it
in, it would transduce those cells, so I think
Phil's question is partially answered, you will get
it in, and it will work by some nechani cal nmean.

And far as the stability, integration, al
of that stuff, there are no answers at all. |t was
just lacZ.

DR. MJLLI GAN: What was the number of
virus particles?

DR. SAMULSKI: It was extrenmely high. W
were putting in about 1010. For a nunber of
reasons, it partially was -- well, we could talk
about it later.

DR. SALOMON:. Any ot her discussions here?
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VWhat the commttee should feel at this
point is that just in terns of science presented,
that we are confortable with the main issues, and
then we will do the public comrent and go on to
answering the specific questions fromthe FDA

Open Public Hearing

DR. SALOVON: What | would like to do is
i ntroduce the public conment. Five mnutes have
been allotted to each of three speakers.

The first speaker that | would like to
invite up is M. Steven Humes of the Nationa
Henmophi | i a Foundati on.

MR, HUMES: Good afternoon. M nane is
Steven Humes and | amthe Director of Research at
the National Henophilia Foundation, hereinafter
referred to as NHF.

NHF is a not-for-profit organization
dedi cated to inproving the quality of life for al
i ndi viduals with henophilia and ot her bl eeding
di sorders. Today, we thank the nmenbers of the
Bi ol ogi cal Response Mdifiers Advisory Comittee
for allowi ng us the opportunity to provide
testimony on recent reports of the presence of
adeno- associ ated virus, or AAV, in the seninal

fluid of individuals participating in a henophilia
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factor I X liver-directed gene transfer trial

There are at |least 10 proteins in our
bl ood, which nust work in a precise sequence to
make the blood clot. A deficiency in any one of
these proteins can | ead to abnormal bl eeding.
Henmophilia A is caused by a deficiency of or defect
in aclotting protein known as factor VIII. A
deficiency of or defect in clotting factor IX
causes hemophilia B. Both forms of henophilia and
ot her bl eedi ng di sorders are X-chronosone |i nked
recessive genetic disorders. In the United States,
there are approximately 17,000 individuals |iving
with a diagnosis of hemophilia.

Hemophilia manifests itself by easy
bruisability and recurrent bleeding into joints and
nmuscl es as well as bl eeding intra-abdoninally and
into the central nervous system The severity of
an individual's henophilia is determ ned by the
ampunt of circulating clotting factor. The
majority of individuals affected with henophilia
have severe di sease

I ndi viduals with severe henophilia
typically have eight to 10 bl eedi ng epi sodes each
nmonth. This chronically recurrent henorrhaging

causes disability, persistent pain, and sonetines
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deat h.

In the past three decades, significant
advances have occurred in the treatment of
hemophilia with the devel opment of plasma-derived
and then reconbi nant clotting factor products.
Wil e the devel opnent of these new products has
proved enornously beneficial, persons with
hemophilia continue to face many difficulties that
affect their quality of life

Prior to the devel opment of vira
i nactivation technol ogies, many individuals with
henmophilia were infected with H'V and hepatitis
t hrough their unwitting use of contani nated
clotting factor products. The HI'V epidem c has
cost this comunity dearly, causing the deaths of
over 6,000 henophilia patients, their spouses,
partners, and chil dren.

Today, an additional 2,200 continue to
live with HHV and its conplications. It is
estimated that nore than 70 percent of all persons
wi th henophilia have been exposed to hepatitis C.
Wil e the devel opnent of reconbinant factor
significantly inproved safety, it is sonetines in
shortage and al so an extraordinarily expensive

medi ci ne, especially for individuals with severe
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hermophilia who nmust treat frequent bl eeding
epi sodes or who sel f-infuse prophylactically as
often as three tinmes per week.

Because of the many chall enges facing this
comunity and the limtations of current treatnment
nodalities, we | ook to gene therapy as the nost
prom si ng approach to cure henmophilia. To this
end, NHF has funded nunerous gene therapy projects
and five scientific workshops on gene therapy, and
two- day gene therapy synposiumis planned for our
annual neeting in October 2002.

We believe that research into a nonogenic
di sorder such as hempphilia my also lead to
progress in the treatnent of nore conpl ex
di sorders, such as nmulti-gene inherited disorders,
as well as cancer.

In 1996, an NI H report on gene therapy
recogni zed henophilia as one of the nost likely
di sorders for which gene therapy will succeed. W
believe that this statenent is as true today as it
was si X years ago

In the fall of 2001, vector
bi odi stribution studies froma factor |X deficiency
gene therapy trial noted the presence of AAV vector

in the senen of a trial participant. That study
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al so noted that while vector was present in the
sem nal fluid, there was no evidence of
transducti on of sperm

On Novenber 17, 2001, NFH s Medical and
Scientific Advisory Council, or MASAC, reviewed
this issue and drafted its Recommendati on No. 127,
whi ch was approved by the NHF Board of Directors
the followi ng day, and is attached to this docunent
t hat you have before you.

The recommendati on requests, in review ng
such unexpected findings, that the Reconbi nant DNA
Advi sory Comrittee, or RAC, and the Food and Drug
Admi ni stration consider the risks to the tria
partici pant and, follow ng appropriate analysis,
allowtrials to proceed if such risks can be
nmtigated.

NHF believes that a case-by-case
eval uation of unexpected findings will permt
i nprovenents in safety and efficacy while enabling
continued pursuit of inproved treatnments for
henophi | i a.

NHF believes that the AAV factor |X
liver-directed gene transfer trial currently being
conducted should continue. As Steven Faust, a

person with severe henophilia and co-chairnman of
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NHF' s Advocacy Committee, stated this January
before the RAC, we see no inherent risks in these
findings that m ght cause additional risk to the
trial subjects.

NHF does support, however, increased
pati ent education and efforts directed at inproving
the informed consent process, mtigating the risk
of potential germine transm ssion through the use
of sperm banking and requiring the use of barrier
contraceptive nethods, and |long-term surveill ance
of trial subjects via PCR vector dissemni nation
st udi es.

I ndeed, we believe that through this
surveillance, we m ght |earn valuable information
about the natural history of AAV sheddi ng that
could prove useful in future gene therapy trials.
NHF' s MASAC has laid out detail ed guidelines for
the conduct of gene therapy trials inits
Recommendati on No. 120, dated August 16, 2001, a
copy of which is also furnished to you.

NHF respectful ly suggests that the
Advi sory Conmittee consider these guidelines when
considering future gene therapy trials.

NHF i s heartened by the prelimnary

results of gene transfer in humans. W are further
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encouraged by the pronpt review of the RAC and
FDA' s Bi ol ogi cal Response Modifiers Advisory
Conmittee to the vector biodistribution studies, as
we believe that this phenonmenon may occur in other
trials.

We share your commitnent to ensuring
patient safety, and appreciate your vigilance on
behal f of all persons enrolled in gene therapy
clinical trials. On behalf of the bleeding
di sorders community, we urge your continued support
for these trials. |If enrollment is further
del ayed, how will we deternmine if this gene
transfer method offers the promi se of a cure?

Once again, we thank you for this
opportunity to address you on this inportant
mat ter.

DR. SALOMON:. Thank you very much, very
nicely articul ated.

I think it is always reasonable to point
out when vyou hear sonmething like that, that it is
very inportant for the conmttee to consider
what ever deci si ons we nmeke affect a group of
st akehol ders, in this case the henophilia
community, as well as the public, and that is

al ways inportant to hear that in these sort of
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public comments and think about it.
The next speaker is Dr. James Johnson, who
is identified as a henophilia patient. That nust
have been one of the first two patients to receive
t he Avi gen vector.
Wel come, Dr. Johnson.

DR. JOHNSON: Dr. Salomon, Committee, good

afternoon. | am Dr. Janmes Johnson. | am from
Edmund, Okl ahoma. | appreciate the opportunity to
speak to you wearing several hats. | aman

enmer gency physician practicing in Cushing,
Okl ahome, a husband and a father. | have lived for
45 years with henophilia B, factor |X deficiency.
In addition, | was blessed to participate in the
Phase | safety trial of the gene therapy program at
Children's, not this one, but the prior one with
the IMinjections two years ago.

My participation began in May of 2000. As
a side note, | dubbed myself Lad Back No. 6, since
I was the sixth person in that study.

As a 45-year-old living with henophilia
and as a participant in a gene therapy study, |
want to express my deepest hope that you will allow
the current study to continue. This research is of

vital inmportance to the henophilia community and to
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me personally.

When | was born in 1957, it took two years
for ny parents to receive a diagnosis for the
bl eeding | had. Because my head was swollen at
birth, nmy parents were told I had hydrocephal us and
woul d be nmentally disabl ed.

Once the diagnosis of Christnmas di sease
was nmade, ny parents were told that | wouldn't live
past 20 years of age. | kind of overdid that.

My early treatnments consisted of ice
packs, splints, slings, and rest. Later,
received infusions of whole blood and fresh-frozen
plasma. Finally, when | was 12, | received the
first dose of factor concentrate. That was 1970.
| pronptly came down with hepatitis B, and although
| did not knowit at the tine, hepatitis C.

Through the 1970s, | would go to the

doctor and often have to be hospitalized when
needed treatnment. Finally, in 1979, | started
sel f-infusion, which is now the standard of care.
I was one of the blessed mnority that was not
infected with H'V, but as | said earlier, | do have
hepatitis C

Also, | have suffered the ravages of

arthritic conplications of henophilia as you m ght
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have noticed when | wal ked up. When we first went
to the henmophilia neetings, ny wife said, Jim they
all walk just like you do.

As you can imagi ne, henophilia has
affected every area of ny life. Like al
henmophiliacs, | have had to deal with educationa
i ssues, work and enpl oynent issues, and struggles
with insurance. From a young age, | knew that
woul d not be able to hold down jobs that required
great physical strength or endurance. Fortunately,
| am able to hold dowmm ny ER job and even do sone
extra weekend worKk.

About nine years ago, | found that | had a
henophi | i ¢ pseudotunor in ny abdonmen. This was the
result of repeated bleeds in the psoas nuscle.
There have occasionally been rebl eeds which are
very painful and often require hospitalization.
This happened just this past week and for a while
it looked like I wouldn't be able to make it today.

| tell you this not for your synpathy or
to act macho, but to let you know that even with
today's best treatnents, problens still arise.

It has been said of the henophilia
community that we desire to be cured, we don't need

to be cured. Everyone is entitled to their own
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opi nion, but | believe we need a cure. Sure, there
are treatnents avail able, but who |likes to have to
give hinself |1.V. injections every tinme he feels
pain cone on, or injections for days to try to get
over a bleed like the one | had this week?

We have treatnents for other diseases, but
still work very hard for a cure. Does diabetes not
need a cure? Does hypertension not need a cure?
Does asthma not need a cure?

As for the current gene therapy study, the
one | was in, | enrolled about the tinme one of the

ot her programs | ost a patient. Once the program

started back up, |, along with ny 11-year-old
daughter and I, all had the procedure explained to
us in great detail. W were told of all the known

risks, as well as the theoretical risks that they
coul d i magi ne.

We were given anple opportunity for
questions. In short, | can say fromthe
perspective of both the study participant and as
one who has been involved in doing clinica
research nyself, their informed consent procedure
was i npeccabl e.

Every step along the way, | have been

i nformed of any new devel opnments. W are stil



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

gi ven every opportunity to ask questions or check
in to see how things are progressing. | have

al ways been and al ways know | will be able to speak
to anyone involved with the programw th any
concerns or ideas.

I have net with all of the people involved
with the program at Chop, fromDr. Hi gh, the
director, to Dr. Mannow, to Any Chu, the clinica
coordi nator, and to even |lab personnel. They are
committed and responsi bl e peopl e.

| understand that there is concern about
the possibility of the AAV vector being present in
the senen of sonme of the participants. This was
one of the risks that was reviewed with us before
participated in the earlier trial

It was al ways stressed that participation
in the study was voluntary, there was obligation to
partici pate or continue even after starting the
study. We were infornmed that | should never expect
to father a child after the study because of that
ri sk of AAV infection.

This was fine with us as ny w fe had
already had a tubal. Those that m ght consider
future children were given the opportunity for

sperm storage. All of nmy body fluids were tested
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for weeks afterwards. There should be plenty of
ot her subjects |like nyself who do not plan any
further famly. They would be able to be in the
studies at no risk to anyone else until nore is
known about germline transmi ssion

This is an extrenely inportant area of
study. Germline transmssion is |likely to be an
equal problemfor all gene therapy if it turns out
to be a continuing problemhere. The henophilia
community, after having gone through hepatitis B
HI V- AI DS, and now hepatitis C, is a very tough,
resilient, and responsible community.

W have been on the forefront of the use
of barrier contraception to prevent HV infection,
so the idea of contraception and when appropriate,
sperm banking, is not foreign to us. Those that do
not like that option will not opt for the clinica
trials, as did nmy own brother.

In closing, | want to thank you for the
opportunity to speak to you. Wen | did ny senior
paper in college, over 20 years ago, | wote of the
potential that gene therapy would one day hold for
curing henophilia. It is here. It is a reality.

As a nenber of the henophilia community, |

ask you to work with the gene therapy program and
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the community to nake gene therapy research program
safe and successful in the |east tine possible.

When ny daughter asks nme about her
children and henophilia, | want to be able to tel
her that we have the answer. Please don't nmake nme
tell her that we got close, but sone ninor
glitches, whether AAV or AV, stop the program
Therefore, her sons will be at risk for the sane
difficulties | have gone through

Thank you.

DR. SALOMON. Thank you very much, Dr.
Johnson.

The | ast speaker in the public conment
period is Dr. Kenneth Chahine, Avigen Vice
Presi dent for Business Devel opnent and Intell ectua
Property.

DR. CHAHI NE: Good afternoon. M initia
goal was to try to bring a literative perspective
to the committee, but after the |ast few speakers,
| think that is not something | amgoing to try to
do.

My goal here today is to first present
what we can reasonably glean fromthe data
presented by ny coll eagues and al so to present the

assunptions that formthe basis of our proposal to
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this commttee. In our proposal, also, we keep in
m nd the questions that the FDA posed to the
conmittee.

The second goal is to conmmuni cate our
proposal and the rationale for that proposal. So,
what do we know and what can we reasonably assume?

The first point is that the procedure is
well tolerated, as Dr. Kay indicated. There have
been no risk to the patient apart fromthis
i nadvertent germine transm ssion risk that we are
tal ki ng about today.

The second point, which has been clearly
t al ked about anobngst the committee nenbers, is the
predictive value of the aninmal nodels with respect
to inadvertent gernmline transm ssion. Cearly,
some of the animal nodels don't mmc the human
bi ol ogy, while others may, although even the rabbit
dose and clearance tinmes seemto be different from

what we are seeing in the first two patients.

The one consistent trend, however, is that

in all of the aninmal nopdels, the vector is either
not there or it has cleared over tinme.

The third point is that the notile sperm
fraction may be positive as the dose increase, and

will alnmost certainly take | onger to clear, so we
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want to make that assunption. | think it is

i mportant for the cormittee to just |ook at that,
and | think our discussion today has brought that
out, that the fractionation procedure may not be
adequate to address it.

The next point is somewhat of a practica
point, is that the current rate and current
clinical hold triggers, the Phase | trial is going
to take very long to conplete, and while in no way
does this point alone justify recommendation to
continue, it does have practical consequences for
Avigen, the scientific community, and the
henmophi | i a popul ati on.

The next point addresses one of the
guestions that the FDA posed to the commttee, and

that is, should the enrollnent be linmted to

patients or subjects which are unable to reproduce.

Certainly, that will cause del ays given
the size of the henophilia popul ation, but wll
al so, in the mal e popul ation, talking about nmles
t hat have undergone a vasectony, linmting
enrollment to this patient population will deprive
us, the FDA, the scientific and medi cal conmunity,
of the data that we so desperately need to answer

the very question we are here today convened to
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addr ess.

Finally, higher doses ny yield therapeutic
| evel s of factor | X based on the preclinical data.
It is inportant to keep in mnd that the primry
purpose of this trial is certainly safety, but as
Mar k Kay pointed out, at the higher doses we do
expect, based on the preclinical animal data, to
get a dose that is potentially therapeutic.

We hope that this discussion in the future
will actually focus nore on a risk-benefit as
opposed to sinply the risk, which is what we are
di scussi ng today of inadvertent germine
transm ssion.

So, keeping these points in mnd, why is
i nfornmed consent a reasonabl e and prudent safeguard
agai nst inadvertent germnline transni ssion?

The subjects are already counsel ed and
educated on the potential of not only transient but
permanent germine transmi ssion. The patients are
al ready advised to use barrier contraceptives, and
as we have discussed here and at the Reconbi nant
Advi sory Conmittee neeting, the risk of inadvertent
germine transm ssion is | ow.

The subjects are constantly nonitored for

positive senen and positive motile sperm and
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germine transm ssion, very inportantly, can be
conpl etely avoi ded by banki ng sperm

So, in our opinion, when we take the |ow
ri sk of inadvertent germine transm ssion, the
smal | nunber of subjects in the trial, the active
use of barrier contraceptives and the sperm
banki ng, these factors together reduce the risk of
i nadvertent germ ine transm ssion to acceptable
| evel s especially when we wei gh the risk against
t he enornously valuable data we will be able to
collect, at no risk to the subject, and the
potential benefit to the hempphilia conmunity.

So what we propose is the follow ng.

That Avi gen should continue its assay
devel opnent and preclinical studies in various
ani mal nodels. Wile there is some question about
the validity of sone of the animal nopdels that we
are studying, | hope it is clear that Avigen is not
trying to skirt or avoid this issue, but we are
aggressively going after an answer.

The inforned consent should be revi ewed
and updated as needed to reflect the current data,
as we have between the first two patients.

The Phase | trial should be allowed to

continue regardl ess of whether the notile sperm
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fraction is positive, and that just goes back to
the difficulties that we have had in the notile
sperm and once we get to, let's say, the next

dose, we are assuming that we are going to actually
get sonme contam nations that are going to give us a
positive signal

The subj ects should be nonitored unti
three nonthly senen sanples are negative. That is
currently in the protocol already. W should, even
t hough the value of the fractionation procedure is
a question, we want to continue to find out and
maybe i nprove, as has been suggested here today.

We al so want to ask a question that is
very inportant and the commi ttee has raised today,
which is whether the vector sequences in the senen
actually represent biologically active vector
That is just not very clear.

If we can do this and continue the trial
we can use the clinical data to identify predictive
i nadvertent germine transm ssion preclinica
nodel , which will help if this trial hopefully goes
t hrough | ater phases, having a predictive node
woul d be very good and clearly for other AAV trials
comng in the future.

W want to continue to encourage subjects
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to bank spermprior to the treatnent, and the
subjects will continue to be infornmed of their
senmen results and counsel ed about whet her they
shoul d continue to use contraceptives.

The final point is inportant because it is
one of the questions that was raised by the FDA to
this commttee, which is what happens if you have
persistent germline transni ssion.

We think, and | believe that the conmmittee
beli eves, that the possibility of that is |ow, we
feel like we need to have a contingency, and we
believe that if the subjects and the partners are
encouraged to undergo counseling by the study
physician on a regular basis if the vector is
persistent in the notile sperm that that wll
mtigate against the risk of transm ssion.

We sel ected greater than one year. That
was sonewhat arbitrary. W are certainly open to
di scussing with the FDA what woul d be a reasonabl e
time franme, but that is just the one we selected
that we thought was reasonabl e.

In closing, we are convinced that there is
a solution to the tine of the conpletion of this
Phase | trial, and are conmtted to working with

the FDA to find and inplenment such a sol ution.
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Thank you.

DR. SALOMON. Thank you very much.

The schedul e shows lunch. | think you may
have intuited that | wasn't planning on |unch, and
just go into answering the questions. | just
wanted to make sure that that was okay with
ever ybody.

Committee Discussion of Questions

We have a series of questions. | amvery
confortable that we have set nost of the
i ntellectual background here to do this. The first
guesti on:

1. If vector sequences are detected in
the notile spermfraction of clinical tria
subj ects, the current approach of the FDAis to
suspend accrual to the study -- in other words, put
it on a clinical hold, and that is what happened in
this case, just to make sure that everybody is
cl ear about that, these guys can't go forward right
now -- regardi ng the persistence of the vector then
becomes the criteria upon which the clinical hold
is raised or not raised.

If they are getting out of 14 weeks and
they are still positive in their second patient at

the | owest dose, that is how they are cal cul ating
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that it would take five years to do the study, and
it mght even be |onger.

So | think nost of us who have done
clinical trials are synpathetic with that being
very difficult.

Enrol | ment has been allowed to proceed
when there are data to show that it is negative.
In other words, three consecutive sanpl es.

A. Does the comrittee agree that a
clinical hold is warranted when notile spermtests
positive for vector sequence or should enroll nment
be allowed to continue with appropriate
nodi ficati on nade to consent docunents?

Di scussi on?

Let me just point out sonething here.
There is a little bit of a load in here because we
are tal king about, at least for ne, this is notile
spermtests. | amunderwhelnmed with this notile
spermtest thing. |In other words, | think it is
great science, but | amnot sure, and wel cone
di scussion on that point, that you really have to
do notile spermtests here, and | think it would be
just easier to do senen.

Go ahead. You wanted to nake a

qualification?
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DR. KAY: [Of mke.]

DR. SALOMON. The point is that you are
still on hold. | think that is the main
clarification.

Yes, Tom

DR. MJRRAY: First, just to clarify a
factual question. The reason you are underwhel ned
by the notile spermtest, | amsorry it's unfair to
ask Dr. Salonpbn a question. | begin with a
clarification fromyou.

The reason you are underwhel med with the
notile spermtest, maybe | misunderstand the nature
of the test, but if | understood it correctly --
the first thing we are after is if we are concerned
about germine transm ssion, we don't want to see
altered genes to a child, and there are a variety
of ways to sort of protect against that.

The notile spermtest, as | understood it,
was inperfect for a variety of reasons, but nost of
themhad to do with the fact that you m ght stil
get AAV DNA even if it wasn't going to be, so it's
a sort of both and test.

If it cane up negative, would you be
pretty reassured that you weren't going to get?

Okay. But if it came up positive, you stil



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

weren't sure whether it neant that it was

i nfectious or not. GOCkay. So, | have got that
clear. | wanted to be sure | got that clear
Let me start then fromthe back end. |If

the concern is to prevent the transm ssion of
altered DNA to offspring, there are a nunber of
ways to try to achieve that. One is to test notile
sperm If it cones up negative three tines in a
row, we feel pretty confortable that it is not
goi ng to happen.

I noticed, by the way, that one of the
spokespersons for the henpphilia community actually
said about requiring barrier contraception. | am
assumng the FDA is not in a position to require it
or enforce a requirenent for barrier contraception
but I think we need to take that as an expression
of the genuine concern on the part of that
conmuni ty.

So, a second order would be to again
strongly encourage barrier contraception, provide
very clear informed consent. G ve the kinds of
war ni ngs that Dr. CGordon was, | think, alerting us
to, say, look, a way around this is not to do ICS
with your current spermafter intervention, and be

very clear about the variety of things that they
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