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1A

MORNI NG SESSI ON
MS. MLLER |'myour |ead off
speaker this norning. | am Margaret MIller. | amwth
FDA's Office of Wnmen's Health, and our office is | ocated
inthe Ofice of the Conmi ssioner. And our nmission is to
serve as a chanpion for wonen's health, both inside and
out si de the agency.
And it is indeed a pleasure to help sponsor this neeting.
| was very pleased with the discussion yesterday, and
think we'll have nore fruitful discussion today.
I would like to say that Christine Everett of our office
was involved in organizing this neeting. So if you have
any conplaints, 1'd ask you to direct themdirectly to her.
[ Laught er.]
M5. MLLER. One of the nmain reasons why our office cane
into being was to encourage the participation of wonen in
clinical trials for products that would be used by both nen
and wonen. And the current guideline on the participation
of wonen in clinical trials was witten in 1993. And it

does recommend that wonen participate in all phases of

clinical trials, and this includes wnen of child-bearing
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potential; that we | ook at the data by sex and we anal yze
for gender differences, to see if the product acts
differently in nen versus wonen.

Now, while we recommend the participation of wonmen in
clinical trials, we do still have concerns about fetal
safety. And so the recomendati on does not extend to
pregnant wonen. So regarding the participation of pregnant
wonen in clinical trials, this is really limted to those
products which are intended to treat a condition that
occurs only in pregnancy.

Well, this leaves us with a problem Because while we are
not including wonen in clinical trials except for those
cases where it's used to treat pregnancy, we know that
wonen get sick. Winen get influenza while they're
pregnant. And treating a pregnant wonen often confers
benefit not only to her, which is our office' s concern, but
to the developing fetus as well. But yet, at the tine of
an approval we don't have information on fetal safety, or
even on what health benefits or differences that product

m ght have in a pregnant woman versus a non-pregnant woman.
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To add to the problem we have the fact in this country
that about half of all pregnancies are unintended; which
means nmany wonen are having therapies and different
treatments without knowi ng they're pregnant. And at the
time that they realize they're pregnant, they go back
through their mnd and go through all those things they've
done for the past nonth or so. And they cone in and they
say, "How will these activities affect ny baby?" And
that's a big question for them

So when a clinician is trying to treat a pregnant woman or
a woman of chil dbearing potential, they really want to

bal ance the health benefits of a product versus the safety
concerns for both the fetus and the mother. And in order
to do this, the agency has recognized that this is an area
where we really need to do a better job in providing
clinicians and wonen with this type of information.

One of the activities that the agency is undergoing is an
effort to revise the |labeling section of our products. And
this has been an ongoing concern that the health care
comrunity has brought to the agency: that the | abel--the

way it's formatted and the information that is inparted--

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-8-



does not provide themw th the type of infornmation they
need to nake clinical decisions. So that is an ongoing
effort.

But as we started in this effort, it becane very clear that
reformatting bad information is just bad information
reformatted. And really, there needed to be a concerted
effort to inprove the content, or inprove the informtion
that we were putting into the pregnancy | abeling.

So the past three years, our office, together with our
col l eagues in the centers, have been working at ways of

i mproving the content; giving those fetal safety concerns
that |'ve already tal ked about, and understanding the
limtations of doing studies in pregnant wonen. W' ve
tried to | ook at novel and creative ways of getting good

i nformati on for pregnancy.

The first activity is, the office has actually funded sonme
PK studies, doing studies in pregnant wonen. |'Ill talk a
little about that.

We have created a pregnancy registry website, to encourage

wonen to participate in ongoing pregnancy registries.
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And then, the third activity, which is why we're here
today, is that we're interested in: How can we do a better
job of using animal nodels to nmake predictions so that we
can give wonen good information?

Let me talk a little bit about the ethics of doing studies
in pregnant wormen. As soon as we start tal king about
enrolling pregnant wonen in clinical trials, everybody gets
this glazed | ook of panic, "deer in the headlight" type of
approach. And | will agree that it is not as easy to do
studi es in pregnant wonen as young, healthy, male

vol unteers. That is a fact.

We do have ethical rules regarding the conduct of clinica
trials. And they specifically address pregnant wonen. The
basi ¢ human subj ect protections for federally-funded
research are found in 45 CFR Part 46. Subpart A is your
basic protections for all subjects. Subpart B covers the
pregnant wonen, the fetus, and in vitro fertilization.

Let me just wal k you through sone of the highlights of this
regulation. The first, Subpart A does allow for expedited
review for something that is minimal risk. So if you have

a study and you say, "Well, it really involves mninal risk
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to the participants,” under Subpart A you can get expedited
revi ew.

Unfortunately, if you are doing a study in vul nerable

subj ects--and that's children, pregnant women, prisoners,
mental |y di sabl ed, or econonically di sadvant aged peopl e- -
you cannot get expedited review. So you're in for full IRB
approval when you're doing a study in pregnant wonen.

In addition to all the criteria under Subpart A when you
are doing a federally-funded study you have to conply with
Subpart B. And Subpart B was changed about a year ago.
I"mgoing to tal k about the new regul ati ons.

And that says that pregnant wonen can give infornmed consent
and can participate in the trial, if the follow ng
conditions are nmet. Now, the first is that we have done
studi es i n non-pregnant wonen. And the second is that

we' ve conducted ani mal studies.

Now, the regul ation does not dictate that those ani ma
studi es be devel opnental studies. But | have taken four
proposals through IRBs, and | can assure you that's what

the I RB asks us. They are asking for devel opnental ani el

studies, in order to wite an informed consent document
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that the woman can nmeke a deci si on about whether or not she
wants to participate in thistrial

Finally, or next, if the research is designed to neet the
health needs of the mother, and the risk to the fetus is
mnimal or the minimumthat we can obtain with the study,
then the maternal consent alone is necessary.

Al so, for studies where we're going to benefit the nother
and the fetus, or we're just adding to general know edge,
then material consent alone is all that's required for the
wonmen to participate in the trial.

However, if you are designing a federally-funded research
study and the aimof that study is to provide a treatnent
which is designed to benefit the fetus only--some type of
vaccine, or you're just using the nother as a vehicle and
the benefit is going to be only to the child-then you need
to get consent from both the nother and the father in order
for the woman to participate in the trial

Now, | would |ike to nention, one of the questions we get
sonmetinmes is, we know that once we approve a product that

it is going to be used by pregnant wonen. Wy don't we

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-12-



just collect the information fromthat study, and nake
deci si ons about fetal safety that way?

And certainly we have asked for pregnancy registries on a
nunber of products. These are phase |V studi es where, once
a product is approved and it finds its way into pregnhant
wonen, we ask those wonen to enroll in a registry. And
generally, we'd like to see themenroll after they've been
exposed, but before the birth outcome is known. And this
is a very good tool for collecting safety information, both
on the mother and on the infant. Because we can exam ne
those with tine.

Wel'l, what we've found out is that, while the agency has
been asking for these studies for a nunber of years, this
was the best-kept secret of wonen's health: that we would
go to the advocacy communities; they were not aware of
pregnancy registries. |If you talked to wonmen about
pregnancy registries, they just did not know about this
activity.

So one of the things our office has done recently is we've
put together a pregnancy registry website. And this is a

website that encourages wonen to take needed nedicati ons,
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not to be scared off nedications that they need to maintain
their health; and then to participate in a registry.

And so we have a |list of all ongoing registries that are
for medicines that women need to maintain their health.

And it is to encourage their participation. And we also
have a "Contact Us." So if you have a registry that you
woul d I'i ke to have included on our list, you can send us an
e-mail and we'll incorporate that into our registry list.
So while we have tried all these tools, we cone down to the
fact that animal nodels are still going to be the main type
of information that we will have for npbst products when
they are approved. W are not likely to see wonen
enrolling in clinical trials any tinme soon. And even if we
wanted to, in order to give a woman infornmed consent, you
need to have sone of that animal nodel to base your

predi ction on.

And | think--and we heard sonme of this yesterday--that even
if we had registries for everybody, we're linited as to the
type of information that you can get froma registry.

You' re not going to necropsy those babies and do | ynph

nodes. You know, it's just not going to happen
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So if you don't know what you're looking for in a registry,
you're going to nmaybe | ook for najor malformations.

There's problens with long-termfollowup. Really, you
need the ani mal nodels to give you the signals, even to
design a good registry: Wat should we be | ooking for?

So that brings me to the challenge for this group, and |
know you're up for it. Because we do not want to design
animal studies to make predictions for animals. Really,
what the wonen need and what women want to know is: How do
we interpret that finding in animals to the human
Situation?

And certainly that is the challenge for this group. And

after the discussion yesterday, |'msure you're up for it.
Sol'"ll turn it over to Marion.

[ Appl ause. ]

DR. GRUBER: Well, | really would like to thank Peggy

MIler for these very nice, very right-on-target

i ntroductory remarks.

And | just wanted to ask, if you throw this against the
wal |, does he turn into a prince? [Referring to slide of

frog.]
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DR. GRUBER: Ckay. Well, before | start ny presentation, |
think I have to do some--or | was asked to informyou about
the nost inportant issue first. And that is that |unch
today is in the Montecell o Ballroom again on the dining

| evel upstairs. And | think you can also take the stairs,
and don't have to wait for the elevators to go up there.
The other thing | need to rem nd people of is to use the

nm crophones when they have questions, and to introduce

t hensel ves.

W will nake available the presentations, the slide
presentations of the speakers, followi ng this neeting of
the SOT, once they have received all the slides fromthe
speakers. We'll make them avail abl e about two weeks after
this meeting. And | think we're also thinking about having
an evaluation formthat you can then fill out by e-mail

So having said that, and I hope |I didn't--No, | forgot a
lot of things. | was told to thank all the speakers and
panel nenbers yesterday for a very fruitful and hel pfu

di scussion. That has been trenmendously hel pful for FDA
and we think we have an idea really how to actually begin

to think about guidance. Let's be careful
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And | also wanted to thank again, as Karen M dthun did
yesterday, the SOT, and especially Shawn Lanb and her
staff, for nmaking this a very snpoth, easy-going workshop
So thank you very much, to Shawn and her staff, for hel ping
us with this.
So | think I'"'mready then for ny presentation
REPRODUCTI VE TOXI CI TY ASSESSMENT
OF PREVENTI VE VACCI NES
PRESENTER: MARI ON GRUBER, PH.D., OVRR, FDA
DR. GRUBER: So for those who don't know nme yet, ny nanme is
Marion Gruber. I'mwth the Office of Vaccines. And
have been actually involved over the |last couple of years
to try to generate policy and gui dance for preclinica
safety evaluation of preventive vaccines. And today's
di scussion will focus on reproductive toxicity assessnents
of preventive vacci nes.
As you know, the FDA had announced in the Federal Register
on Septenber 8th the availability of a draft gui dance
docunment for industry that is entitled "Considerations for
Reproductive Toxicity Studies for Preventive Vaccines for

I nfectious Di sease |Indications."
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The gui dance was published with the intent to provide
sponsors with information regardi ng assessnents of the
reproductive toxicity potential of preventive vaccines that
are indicated for maternal inmmunization, and to target
popul ati ons that would include fenmal es of reproductive age.
Thi s docunent was generated and witten when there was
relatively little experience with performni ng reproductive
toxicity assessnents for these types of products. And
there was virtually no scientific literature to really
assess and address this issue.

So since publication of this guidance and since the
initiation of reproductive toxicity assessnments in a nore
systematic way for some of these preventive vaccines, there
have been a nunber of concerns and questions raised by
sponsors, by experts that need to conduct these studies,
and al so by CBER reviewers which are then in the position
to eval uate the data.

And many of these questions and concerns are also reflected
in cooments that we have received fromindustry in response
to publication of this guidance. And the suggestion was

made that a discussion should take place by experts in the
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field addressing reproductive toxicity studies for
preventive vaccines, to further pioneer this relatively
novel area.

So the goal and purpose of this second day of the workshop
is then to discuss the technical aspects, the experinental

desi gns, and the animal nodels for devel opnental or, let's
say, reproductive toxicity assessnents--1 will get to the
di fference between those two in a little while--in order to
reach a consensus on how to best performthese types of
studi es for preventive vaccines, and the type of
information that can be derived fromthese studies, to
assure that it will be relevant and useful to better

assess, and perhaps predict, human risk.

So today's discussion will serve to define the scientific
chal | enges that one is faced with when having to conduct
the studies. And | hope that we will define approaches as
to how to overcone these chall enges.

So | think the goal needs to be to try to define the nost
practicable and feasible designs that can be conducted in a

reasonabl e manner. And because of the conplexity of the

i ssues that we are facing when | ooking at reproductive
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toxicity assessnents for preventive vaccines, | don't think
that we are able to get answers and reach consensus on al
the aspects and questions that have been raised. But CBER
is intending to revise the guidance docunent, after

consi dering the comments, reconmendations, and suggestions
that we're going to be hearing fromyou today.

So the purpose of ny presentation then will be to provide
an overvi ew of the past and current situations regarding

i mruni zati on during pregnancy; to discuss the regulatory
consi derations and concerns regardi ng reproductive tox
assessnents for vaccines, and why we think that these
studi es are necessary; to provide an overview of the
current version of the guidance docunent, so that we're al
going to be on the sane page; and to summari ze the conments
that we have been receiving fromindustry in response to
publication of this guidance.

I will finish this presentation with questions that could
formthe basis for our discussions this afternoon

Vacci nation of pregnant wonmen to protect mother and infant
frominfectious di sease has been practiced worl dwi de for

decades. And the nost fanmpus exanpl e perhaps is naterna
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i muni zation with tetanus toxoid vaccine, that has been
very successful in preventing neonatal tetanus in

devel opi ng countri es.

Poli o vacci ne was given routinely to pregnant wonmen in the
United States in the late 1950s and the early '60s. And
ot her vaccines were adninistered to pregnant wonen,
especially in outbreak situations. And the one worth
mentioning | think is the small pox vaccine; which is why
today we have a lot of clinical experience and clinical
data in assessing the clinical experience when you use
smal | pox vaccine in imunizing pregnant wonen. And of
course, these data | think are still going to be paranount
in deciding the safety of even the new candi date vacci nes
that we have today.

Now, npst vaccines that are currently licensed in the
United States are not indicated for use during pregnancy.
But dependi ng on the vacci ne, vaccination progranms do
frequently include pregnant wonen. For exanple, as Peggy
addressed, the inactivated flu vaccines are often

recommended for use in pregnant wonen in their second and
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third trimester of pregnancy. Those wonen were at speci al
risk for serious consequences fromthe flu.

In addition, there are a so a nunber of vaccines that are
recomrended for use in pregnant wonmen. This would include
hepatitis A and B vacci nes and meni ngococcal vaccines in
situations of epidenic and endenm c exposure. And these are
recomrended by the Advisory Comrittee for | mmnization
Practi ces.

The general approach of the Advisory Comrittee for

| mmuni zati on Practices has been that the benefit of

vacci nati on of pregnant wonen usually outweighs the risk
when the risk for disease exposure is high, when infection
poses a special risk to nother and fetus, and the vaccine
is unlikely to cause harm

Now, maternal inmunization provides a strategy to protect
young infants from severe infectious di seases through the
passive anti body transfer fromnother to fetus. And

mat ernal i nmuni zation trials have been and are currently
conducted in the United States to assess the safety and

tolerability of vacci nes agai nst pathogens such as
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respiratory syncytial virus, streptococcus pneunpnia, and
group B strep.

And there are a nunmber of controlled clinical trials that
have been conducted. And they provide evidence that

mat ernal i rMmuni zation with at |east inactivated vaccine
anti gens, including haenophilus influenza type B and
pneunococcal pol ysacchari de vacci nes, appear to be well
tolerated in the pregnant wonen and in their offspring.

But | think what needs to be stressed is that these studies
were usually not powered or designed to detect rare adverse
events, or to assess long-termfollow-up of the offspring.
Even though there may not be hard evidence of reproductive
toxic effects in humans caused by the use of currently
approved vacci nes, when assessing the preclinical and
clinical safety of a candi date vacci ne regul atory

consi derations take into account not only past experience,
but al so theoretical concerns.

So the regul atory approach does not presune a product to be
safe until directly tested. And that is because the
potential for an unexpected clinical adverse event can

never be rul ed out.
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And addressing these concerns using the best available

net hods that are available to us is critical; in
particular, as nmentioned yesterday, in a public climte
where the expectation is no risk, as the vaccination
benefit nmay not be i medi ately obvi ous because of the

rel ati ve absence of disease in our society.

The current situation is, as Peggy pointed out, unless the
vaccine is specifically indicated for materna

i muni zation--that is, indicated for inmrunization of
pregnant women--no data are collected regarding the
vaccine's safety in pregnant wonen during the pre-licensure
phase of a vaccine.

But as nore wonmen participate in clinical trials, and as
nore preventive vaccines are being devel oped for

adol escents and adults--and as an exanple, 1'd like to
mention human papilloma virus vaccine or H'V vaccine--there
is increased concern for the unintentional exposure of an
embryo or fetus before information is avail able regarding
the potential risk versus benefit of the vaccine in

general .

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-24-



Al so, use of licensed vaccines in femal es of chil dbearing
potential would likely result in the inadvertent exposure
of pregnant women and their fetuses to the vaccine,
especially if you consider that about half of the
pregnhancies in this country are unintended. So it would be
unli kely that a vaccine exposure woul d be avoided in these
pregnancies prior to their clinical recognition.

Al so, there is the situation that foll ow ng approval

vacci nes which do not have specific regulatory approval may
be recomended for use during pregnancy by public health
policy makers.

Now, the potential risks that are involved in prenatal

i mruni zati on prograns overlap with those that we have been
di scussing yesterday. And | would include adverse events
caused by the constituents of the vaccine; that is,
potential intrinsic toxic properties of the vaccine
antigens, stabilizers, adjuvants, preservatives, and al so
potential adverse events that are caused by the i mune
response.

So it is conceivable that an i mmune nmodul ation in the

not her caused by vacci nati on during pregnancy could
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i nfl uence enbryo/fetal devel opnent. And recent studies in
ani mal nodel s provi de evi dence for a maternally nmedi at ed
mechani sminfluencing fetal devel opment. And we're going
to be hearing sone of these data today.

In addition, maternal imune nodul ation could influence the
devel opment of the i mune system of the i mmature organi sm
And lastly, maternal imrune nodul ati on has been shown to

i nfl uence the course and outconme of pregnancy.

In contrast to perhaps what we've have, or what the
situation was in the |ast couple of decades, in our days we
have a broad range of vaccines that are currently in
clinical trials. And they have been discussed yesterday,
and they are listed on this slide.

And these products are fornulated with novel adjuvants,
exci pients, stabilizers, and preservatives. And they are
frequently adm ni stered by new routes of adm nistration.
And for sone of these products there is little preclinical
and clinical experience.

And many of these products are indicated for adol escents
and adults, which of course includes fenal es of

reproductive age. And sone of themare specifically
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i ndicated for the prevention of sexually-transnmtted

di seases. And we think that underscores the need for a
nore systemmtic approach to preclinical toxicity
assessnents, including reproductive toxicity assessnents.
Now, until recently, few or no |licensed vacci nes have been
tested for reproductive and devel opnmental toxicity in
animals prior to their use in humans. But there is concern
that there are no data to address devel opnenta risks in
pregnant wonen or wormen of reproductive age at the tine of
licensure of a preventive vaccine product.

And reproductive toxicity studies in animal nodels may

of fer one approach to identify potential devel opnental
hazards. And we think that they are justified, as the
target popul ation for vaccines often includes wonmen in
their reproductive years who nay becone pregnant during the
time frame of vaccinations; because clinicians are not

i nfrequently confronted with situati ons where inmuni zation
of pregnant wonmen nay be beneficial. And lastly, vaccine

| abel i ng nust have a statenent about use during pregnancy.
And as Peggy discussed, the FDA has a current initiative

ongoi ng where it is proposing to amend its regul ations
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concerning the format and content of the pregnancy
subsection of the labeling for human prescription drugs and
bi ol ogi cal products.

And this rule would not only elimnate the current
pregnancy categories, but the rule would require |abeling
to include a sunmary assessnent of the risk of using a
product during pregnancy and |lactation. And it would
require a broader discussion of the data--and that is

ani mal and human--that would underlie the eval uation of

ri sks associated with a product.

And for all of these reasons that |'ve discussed, we have
devel oped a policy for reproductive tox studies for
vaccines that are indicated for maternal inmunization and

i mruni zati on of women of chil dbearing potential. And we
have published this draft gui dance docunent in Septenber of
2000.

And | would like to now turn to providi ng you an overview
of the guideline, as this is going to be the subject of our
di scussion this afternoon. And | also wanted to give you
an i dea about the comments that we have received fromyou

in response to publication of the guideline.
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And the way | thought I'mgoing to do it is I'mgoing to

di vide the guidance into different sections. And | wll
tell you about what the guidance states, and then at the
same tine, what comments we received fromindustry. So
that we're going to be all on the sane page in discussing
the issues this afternoon.

You should note that industry comments represent severa
different points of view. And there are going to be
apparent contradictions. But | decided to present those to
you, to give you a true representation of the various

i ssues and concerns and questions that have been raised.
And | think this will certainly spark a |lot of discussion,
but I would like actually for you to hold your coments and
gquestions until this afternoon, because this is when we are
| ooking at the different issues.

Now, starting with the guidance and the section on genera
consi derations, the guidance states that each vacci ne needs
to be evaluated on a case-by-case basis, where product
features and intended clinica use need to be taken into

account when you desi gn devel opnental tox studies.
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If you have clinical experience that is derived from

i muni zati on of pregnant woren, then this experience or the
data and the outconme may be considered for any potenti al
application in the design of the reproductive tox study.

All data that you may have from acute or repeat-dose
preclinical tox studies should be reviewed for their

possi ble contribution to the interpretation of any adverse
devel opnental effect that you nay observe in the

devel opmental tox study. An exanple provided was fetal
toxicity secondary to maternal toxicity.

The gui dance al so states that sponsors should use as a
point of reference in the design of reproductive tox
studi es the | CHS5A gui dance docunent published in '94, that
is entitled "Guideline on Detection of Toxicity to
Reproduction for Medicinal Products.”

And since sone special concerns are effects of vaccine
exposure on the devel oping fetus, CBER had recomended
studies to evaluate the effects on erbryo/fetal

devel opnent, so that the vaccine is adm nistered during the
peri od of organogenesis. That nmeans that the fenale should

be exposed to the vaccine frominplantation to birth. And
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these studies are defined as stages "C' and "D" in the

| CHS5A docunent .

But as we know with vaccines, many tinmes nodifications to
dosi ng schedul es are necessary to allow an anti body
response to occur in an animal model. And so we al so

i ncluded in the guidance that primng doses may need to be
adm ni stered prior to conception

And we had al so recommended to extend the stages "C' and
"D" evaluations to also | ook at the period between birth
and weani ng, defined as stage "E" in the | CHS5A docunent,
so that nother and offspring can be foll owed postnatally.
So what did industry have to say? Actually, the nmajority
of comments supported that, in principle, devel opnental tox
studi es for preventive vacci nes are needed for vaccines
that are indicated for maternal inmunization and fenal es of
reproductive age; and that thus, efforts should be made to
assess the risks of vaccination during pregnancy in ani nal
nodel s.

At the sanme tinme, however, we did receive conments
guestioning the rel evance of devel opnental and reproductive

tox assessnents in animal nodels for preventive vaccires.
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And anong the major hurdles cited were the species
specificity of the i nmune response conmbi ned with species
specificity of developnental tinme lines in animls versus
humans. And this would nake the characterization of a

rel evant ani mal nodel very difficult and woul d, de facto,
guestion the value of devel opnmental tox studies for
preventive vacci nes.

I ndustry al so thought that the guidance should clearly

i ndi cate that devel opnental studies to assess the potenti al
adverse events on the femal e and devel gpi ng conceptus from
i mpl antation through birth and weani ng are sufficient, and
that fertility studies and post-weani ng assessnents are not
required.

Furthernmore, the conment was nade that it was not clear
whet her sone of the endpoints are consistent with I CH
reproductive toxicity guidelines. And we were asked to
really renane the devel opnmental endpoints stated in our

gui dance for consistency with the | CH docunent.

Then it was felt that the title of the document was
somewhat broader than its scope, as classical reproductive

toxicity assessnents do include studies to assess inpact on
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fertility and post-weani ng assessnments. And the suggestion
was made for the docunent to refer to enbryo/fetal
toxicity, rather than to reproductive toxicity. But
addi ti onal guidance on the aspects of female fertility

st udi es was request ed.

Turni ng back to the gui dance docunent, the section on

i mrunol ogi cal paraneters and foll owup, the guidance states
that the reproductive tox studies should be designed to

i nclude the detection of antibody production in the
pregnant animal, and to also |ook at the feasibility of
anti body transfer fromthe pregnant female to the fetus

t hrough anti body neasurenents in the fetus and newborn

We al so thought that the antibody response in the fetus
shoul d be studied, |ooking at presence, persistence, and
effects; including potential cross-reactivities with the
anti bodi es induced in the pregnant nothers with feta
tissues.

And the guidance further stated that these studies should
include an in-1ife phase, as | nmentioned; a follow up of
the pups frombirth to weaning, to evaluate further on the

mat ernal anti body transfer to offspring; the nagnitude and
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even persistence of antibodies in newborn pups; if you have
presence of antibody in mlk; and the effects of antibodies
in the newborn. Potential interaction with host tissue was
naned again. W also |isted some other endpoints, such as
neonate adaptation to extra-uterine life, and the study of
mat er nal behavi or

I ndustry says that in general there is agreenment that it is
i mportant to denonstrate an i nmune response to the vaccine
in the dam to denonstrate exposure. And the ability to
detect an antibody transfer fromthe damto the newborn was
viewed as a key issue by sone. And the suggestion was mede
that the proper species for a devel opnental tox study be
validated in a prelimnary study with only imunol ogi ca
endpoi nt s.

But in general, it was felt that an extensive
characterization of anti body responses in the dam and the
fetus and neonates was not warranted, especially if no
devel opnental toxicity is observed. So it should not be
necessary to evaluate the inmune response in greater

detail .

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-34-



The rationale for kinetics assessnents was questi oned,
especially when the vaccine is not intended for pregnant

i ndividuals. Kinetics assessnents in particular were
viewed as chal lenging, as one litter would be required per
time to obtain enough serumto really nmeasure the i mune
response. And this would inpact sanple size. And also,
there would be a lack of validated assay for neasuring

i mune functions in newborns. |If we would indeed request
ki netics studies, we should really address how | ong-term
ki netics should be foll owed.

One conment questioned the "appropriate inmune response” in
an ani mal nodel, as anti body generati on would be only one
factor. Cytokines, cell-mediated i mune responses could
al so result potentially in toxic effects; each with their
own specific tine |ines.

Furthernore, the evaluation of potential cross-reactivity
of maternal antibody with fetal tissue was viewed as an
excessi ve burden, and not justified as long as no

mal formati ons or other effects would be observed.

The argunent was nade that if an anti body would have an

adverse effect on fetal developnent, then it would likely
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be detected as effects on viability, growth, function, or
other fetal abnormaliti es.

It was, however, suggested to include perhaps a broader

hi st opat hol ogy assessnent in devel opnental toxicity studies
for preventive vaccines, as a measure to assess potentia
effects of maternal antibody on fetus or newborn ani mal

And the suggestion was al so nade to conduct anti body
assessnents, including potential cross-reactivity
assessnents of maternal antibody with fetal tissue, as a
tiered evaluation; that is, if you dbserved devel opnent al
toxicity, then you would conduct further studies to | ook at
t he mechani sm of the effect.

Gui dance was sought by industry on how | ong the offspring
shoul d be foll owed post-parturition. And we were asked to
specify the end of the postnatal period for the nost
frequently used speci es.

Furthernore, a comment was nmade that body weight is the
best indicator for pre-weani ng devel opnents, and functiona
studi es are not commonly conducted in pre-weaning pups, due
tothe |limted repertoire of responses and difficulty in

the quantitation of those responses.
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Let's discuss another very easy issue, and that is the
dose. Reproductive tox studies should include a dose
response conponent, states the guidance, to be able to
assess potential toxic effects that a particul ar dose may
have on the damor the fetus, to define a safe dose, and to
| ook at the dose that is able to nmount or to induce an

i mmune response.

The gui dance states the dosing regimen should include a
full human dose equival ent, and that a dose scal ed down
because of feasibility considerations should ordinarily
still exceed the intended hunan dose by at least fifteen
fold on a mlligramper-kil ogram base.

The following comments were provided by industry on the

i ssue of dosing. Dose range is not warranted, but the

adm ni stered dose shoul d i nduce an i nmune response in the
speci es selected, and the dose should exceed the human dose
on a mlligramper-kilogram base.

It was felt that the principles outlined in the docunments
for dose selection would refer to the notion of a classical
dose response; whereas nmany i nmune based reacti ons woul d

not follow such a relationship. And also, the
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phar macodynani cs of inmune reactions would be difficult to
scal e between an ani nal species and a human.

So with vaccines there may be also linmts to the anpunt
that can be adm nistered, and frequently dose |levels are
often based on the volume of the material.

Then we were asked to clarify why we asked for an at | east
fifteen-fold greater than the human dose on a nmilligram
per- kil ogram base. And there was one suggestion that doses
may be defined in separate experinents in non-pregnant
animals. But there seened to be general agreenent to use a
si ngl e high human dose equivalent, if possible, for these
st udi es.

What about immuni zati on schedul i ng and exposure? The

i mruni zation interval and frequency of inmunization, states
t he gui dance, should be based on the clinically proposed

i mruni zation interval whereby a conpressed schedul ed woul d
need to be all owed.

So epi sodi ¢ dosing would be nore relevant than daily

dosi ng, because it would minic the clinically adm nistered
i mruni zation schedul e. The gui dance states that

nodi fi cations to dosing frequency may be necessary,
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dependi ng on the kinetics of the antibody that is induced
in the species, and al so, when considering the | ength of
gestation of the particular animl nodel.

We had only one conment fromindustry regarding

i mruni zati on schedul e and exposure, and that was | oaded.
The relationship of dosing to devel opnental timng will be
one of the nost difficult aspects in designing

devel opnental tox studies.

The point was nmade that there are potentially different
responses in the host to initial primng doses, versus
subsequent doses, versus eventually booster dosing. And
the differences in responses could be reflected in
different inmune responses, such as antibody production

cyt oki ne production, cell-nmediated inmunity. This would be
conpounded by speci es-specific devel opnental tinme |ines.
And having to tease these various issues out would nake a
study becone unreasonably | arge and conpl ex.

Ani mal nodels. The guidance docunent states that every
effort should be made to select the rel evant ani nal nodel
And we define it as the vaccine should be able to elicit an

i mmune response in the ani mals.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-39-



The gui dance states that the reproductive tox studies
shoul d not necessarily, or does not necessarily need to be
conducted in the traditional species that are commpnly used
for reproductive tox studies--that is, rats and rabbits.
And there is also no need for a specific requirenent for
the routine use of two species, |like one rodent and one
non-rodent. But it would be inportant to provide a
rational e for the choice of the animal npdel that is
proposed.

The gui dance document further states that if there is no
rel evant ani mal nodel, then reproductive studies should be
done regardl ess, to assess the intrinsic potential of
vaccine antigen. And | think we need to really discuss
this this afternoon: what to do if we don't have a

rel evant ani mal nodel available to us.

I ndustry concurred that only one species should be required
for devel opnental toxicity studies, and that the species
shoul d be able to nount an i mrune response to the vaccine.
However, coments were nmade that we have only a limted
nunber of ani mal nodel s avail able, especially if we would

i ncl ude postnatal assessnents, and especially when you
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consi der species that have reliable background data and for
which we have a | ot of historical experience. And the
guestion was raised of how to validate nontraditional

speci es, and how nuch historical background data woul d be
needed.

In terms of vaccine product class, or vaccine category,
product category, the guidance states or recommends that
reproductive tox studies be performed for every fina
clinical vaccine formulation that is used in studies that
enrol |l pregnant wonen.

And in order to avoid having to performnultiple studies,
the suggestion was nmade to really conduct phase | and |
studi es--of course, in non-pregnant individuals--and to
only advance the nost prom sing vaccine fornulation in
studi es that enroll pregnant wonen.

Furthernore, the guidance discussed that the need to repeat
a reproductive tox study for a vaccine product that is
simlar to a product for which a reproductive study has
been done--and the exanple listed was the nine versus 11-
val ent pneunpbcoccal conjugate vaccine--that would need to

be deci ded on a case-by-case basis, and woul d depend on
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several criteria, such as nmethods of manufacture and the
availability of other preclinical and clinical data.

I ndustry wanted clarification on how this docunment woul d be
applied to therapeutic vaccines, as nany therapeutic

vacci nes under devel opnment woul d be intended for use in
adol escents and adults. And the guidance al so does not
address how it would be applied to investigationa

vacci nes, as well as those that are already licensed.

The suggestion was nade to apply reproductive toxicity
assessnents to those new vacci ne candi dates only for which
the natural history and epi deni ol ogy of the "Y"-type

di sease woul d suggest untold effects on femal es of
reproducti ve age, abi ogenesis, and newborn devel opnent.

I ndustry wanted clarification on the type of changes nmade
to the product that would require additional studies. And
the point that was nmade was that several changes are nade
to the product during clinical devel opnent, and therefore
not all of them should require additional preclinica

st udi es.

We were also asked to clarify whether all vaccine

formul ati ons woul d need to undergo devel opnental tox
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1B

testing. Otten, pivotal studies are conducted with the
final formulation, but subsequent optimn zation and
formul ati ons are made, and the need for additiona
preclinical trials in such cases should be evaluated on a
case- by-case basi s.
Al so, industry felt that conbination vacci nes under
devel opment that are conposed of antigens that are already
i ncluded in licensed vaccines should really not be subject
to requirenments for reproductive toxicity studies.
And one of the last points nmade in the gui dance was t hat
reproductive tox studies should be conducted for vaccines
that are indicated for adol escents and adults and for
vacci nes which are indicated or nay have the potential to
be indicated for imunization of pregnant woren, but--
[ Tape Change. ]

DR. GRUBER: --that is specifically indicated for
i mruni zation of pregnant wonmen woul d need to be avail able
prior to the initiation of any clinical trial that would
enrol | pregnant wonmen. But if you have a vaccine that is
indi cated for adol escents and adults, it may be okay to

i ncl ude wonen of childbearing potential into clinica
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trials without reproductive tox studies, provided that
appropriate precautions are taken, such as pregnancy
testing and use of birth control.

And for vaccines for these types of target popul ations,
data from reproductive tox studies could be conducted as

| ate as post-pivotal trial or concurrently with the pivotal
trial. And then the data should be submitted with the

bi ol ogics license application

Industry said that the gui dance needs to nore explicitly
address the target population to which the gui dance woul d
apply. The comrent was nmade that the many vacci nes al ready
licensed or under devel opnent for children less than five
years of age should not be subject to the guidance.

And al so, the guidelines would cover vaccines that are

i ntended for maternal imunization, as well as

uni ntenti onal exposure, but the read out and foll owup of
the offspring could be expected to be different in both
situations. And this should be recognized in the

gui del i ne.

And | think it may be worth spending a few m nutes

discussing if the read-outs for these different
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popul ations--let's say, maternal inmunization, or

uni ntenti onal exposure--are indeed different; especially
when you consi der vaccination progranms that are currently
bei ng di scussed that target imrmnization of wonen of
reproductive age with the intent to prevent perinata

i nfectious disease in the offspring when the woman gets
pregnant or is pregnant.

And lastly, there was a request for clarifying

adm ni strative procedures.

Now, the guidance for industry docunent also discussed or
recommended that pregnancy registries should be conduct ed.
And we received actually very positive comments from

i ndustry. But since it's not the scope of today's

di scussion, | amgoing to be skipping this.

And | would like to conclude this overview of the guidance
and conments received fromindustry with questions that |
think we should try to address this afternoon. And

formul ated these questions based on the coments and
concerns that we received fromindustry, and al so coments

and concerns that were raised in |ooking at data from

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-45-



reproductive toxicity studies and that we had in discussion
with sponsors.

And in random order, the questions are:

In addition to endpoints outlined--and you have themin
your background package--in addition to endpoints outlined
in the I CHS5A docunent, what additional paranmeters should
be eval uated? Thinking of inmmunol ogi cal paraneters,

hi st opat hol ogy, functional assessment. Can you think of
nore?

I f you focus on imunol ogi cal paraneters, what shoul d be
focused on? What shoul d be assessed? Are antibodies
enough? Do we need to | ook at cell-nediated immune
responses, cytokines? And how far shou d we even assess
potential interaction with fetal tissues? Should there be
ki neti c assessnents?

VWat is the extent of assessnents in the dam versus fetus
versus newborn? And should we consider a tiered testing
approach that was suggested by industry?

How shoul d we assess the potential for devel opnent al

i mrunot oxi col ogy, given the species-specific differences in

i mune system maturation, species-specific differences in
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the maternal cross-placental antibody transfer, and perhaps
speci es-specific i mune responses in general ?

Shoul d reproductive tox assessments renmin essentially
restricted to pre- and postnatal devel opnental studies?
That is, should there be no fertility and post-weani ng
assessnment s?

What paranmeters should be used to assess pre weaning

devel opnent ? Looking at body weight, functiona
assessnents, other issues?

How do we deal with the dosing?

How do we choose the inmunization interval, keeping in m nd
the relationship of dosing to devel opnental tine |ines?

And shoul d devel opnental tox studies differ in terms of
read-outs and foll ow-up depending on the vaccine's
indication; that is, maternal inmunization, versus an

i ndi cation for adol escents and adults that includes females
of reproductive age?

And finally, what constitutes a rel evant aninmal nodel ?

What factors should go into the equation in ternms of

deci di ng what a rel evant aninmal nodel is? Should we only
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| ook at anti body response? Do we need to consider other

i ssues?

How do we deal with species-specific factors, the use of
non-traditi onal species, the availability of background
data, and the practicability and availability of species?
And what alternate nethods do we have available to us to
assess and predict human risk if a relevant animal nodel is
not avail abl e?

And finally, should reproductive tox assessnents be
required for vaccines that belong to a product class for
whi ch a |l arge body of clinical data exists?

And that woul d conclude my overview of the guidelines. And
we have schedul ed discussions this afternoon. And we
basically did a somewhat arbitrary division, where we said,
okay, we're going to start discussing study designs for
devel opnental tox studies; we're going to | ook at

i mmunotoxicity endpoints; devel opnental endpoints; and we
wanted to finish with ani mal nodel s.

But we realize that there is probably going to be a big

overlap, and that one issue can probably not be discussed
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wi thout the other. And so when we discuss this this
afternoon, | think we need to keep this in mind

What | would like to do this afternoon is really put up
t hese questions again. | realize we may not be able to
answer themall, but indeed if we want to revise the
gui dance, we need to try to reach consensus on sone of

t hese issues that | have discussed this norning.

So it is 9:30 right now | think right now we are right on
schedule. |If there are no pressing issues that require
clarification of ny talk--again, | said that we need to
really discuss the issues this afternoon--1 can introduce
the next speaker. If not, | can allow one or two

guesti ons.

[ No Response.]
DR. GRUBER: Good. So | guess ny presentation was

sufficiently clear.

[ Appl ause. ]
DR. GRUBER: Well, it is a great honor to introduce to you
the next speaker. |It's Dr. Richard Insel, who is the

Director of the Center for Hurman CGenetics and Ml ecul ar

Pedi atric Diseases in the AAB Institute of Bionedical
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Sciences. And Dr. Insel is the professor of pediatrics and
m crobi ol ogy and i mmunol ogy at the University of Rochester
School of Medi cine.

His early research focused on the devel opment and

i mmunogeni city of haenpphilus influenza B conjugate

vacci nes. And he was part of the research teamthat

devel oped conjugate vaccines for infants, which of course,
as you know, have eradicated i nfant bacterial disease from
i nvasi ve haenophilus influenza and elim nated the nost
common cause of neningitis in children in the United

St ates.

Together with David Smth and Porter Anderson, Dr. |nse
was the scientific founder of Praxis Biologics, the conmpany
that first devel oped haenophil us conjugate vaccine for
infants. And Dr. Insel has studied the use of vaccines
during the third trinmester of human pregnancy.

His current research focuses on the genetic regul ation of
the generation of B | ynphocytes, nenory B cells, and plasma
cells. And he is investigating the network of protein

pat hways that regul ate human | ynphocyte devel opnent and

differentiation.
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Ladi es and gentl enen, Dr. Insel.
[ Appl ause. ]

HUVMAN T AND B CELL DEVELOPMENT

PRESENTER: RI CHARD | NSEL, PH. D

UNI V. OF ROCHESTER, SCHOOL OF MEDI CINE

DR. INSEL: Marion, thank you
We're going to change directions a little bit here this
nmorning in this next talk. What I'mgoing to do is I'm
going to provide a relatively sinple overview of how the
i mmune system develops. [|'ll then discuss the ages at
whi ch devel opnment occurs in the human fetus. W' Il |ook at
the maternal contributions to inmunity in utero. And
want to just provide some brief glinpses of evidence that
the fetus can nake an active i Mmune response.
VWhat the first slide shows is, | like to think of the
i mmune system as conposed of two really major conponents:
what we call "innate immunity," and adaptive inmmunity.
And innate inmunity exists to inmediately and quickly
recogni ze that the host has been invaded, that there is a
danger on board, there's sonething foreign on board; and

responds quickly to that response with either a cellular
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response, as shown here with, in this case, antigen
presenting cells, APC s--one exanple of which would be
professional dendritic cells. And they respond to contain
that insult, and will invoke an inflammtory response to
contain and destroy that insult.

And in addition, the innate i mune systemw || capture this
antigen and present this antigen to what we call the
"adaptive i mune system"” The adaptive i Mmune systemis
made up also of cells and proteins. And the ngjor
conponents, as all of you know, are |ynphocytes. And they
are the T |Iynphocytes and B | ynphocyt es.

Lynphocytes can generate an anti gen-specific i mune
response which is high in specificity. It my be del ayed,
in contrast to innate imunity. And with that inmune
response, we generate an effective response conposed of a
cellular response; or a soluble response in the case of
anti body, the product of B |ynphocytes, to elimnate and
bind to that antigen, elimnate that antigen. And in
addition, we induce nenory, to renenber that encounter in

case of future exposure to that particular antigen.
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Now, |ynphocytes--these T | ynphocytes and B | ynphocytes- -as
is true of 11 different other lineages, all derive froma
hemat opoi etic stemcell. This stemcell is potent, and it
has regenerative capacities, and exists in adults in the
bone narrow.

This stemcell gives rise to either a common nyel oid
progenitor or a common | ynphoid progenitor. The conmmon
myel oi d progenitor gives rise to seven different cel

i neages. The common | ynphoid progenitor gives rise to B

| ymphocytes; T Iynmphocytes; NK, or natural killer cells; or
dendritic cells.

Now, it's a little bit nore conplicated than this. Wat we
have is we have our hematopoietic stemcell, giving rise to
our |ynphoid progenitor here, and either giving rise to B

| ymphocytes on the | eft-hand side, or T |ynphocytes on the
ri ght-hand side.

And | ynphocyt e devel opnent occurs in a very well-defined
pat hway, with discrete stages of devel opnent or
differentiation. These stages are characterized by changes

in cell surface narkers, and changes in gene expression
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So on the left, if we ook at B cell devel opnent, which in
the adult is going on in the bone marrow, we have initially
a progenitor B cell that gives rise to a pre or precursor B
cell that has cytoplasmc "U' [ph], that then gives rise to
an immture B cell which has on its surface IgM and then
giving rise to the mature B cell which has IgMand | gD

That cell then | eaves the bone marrow to nove to the

peri phery.

Al of this developnment in the bone marrow occurs in an
anti gen i ndependent fashion. |In the periphery, if that
mature B cell cones in contact with antigen, and in the
present of T cell help, that B cell differentiates,
proliferates--and generally it's an anti body-secreting

pl asma cell--and can isotope switch to become an 1gG 1gA,
or IgE B cell and plasma cell

In addition, in the periphery that B cell can undergo
somati c hypernutation, that gives rise to high-affinity
anti body responses. Al of this is occurring in secondary
| ynphoi d organs in the periphery in the germinal center.
Somewhere on the T cell side, on the right here as we see,

we al so have these individual discrete stages. T cel

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-54-



devel oprment, in contrast to B cell devel opnent that's going
on in the bone marrow, is going on in the thynus. And what
we have is T cells passing through well-defined stages of
progenitor T cells; precursor or pre T cells; to becone an
immature T cell which expresses doubl e-positive, CD4
positive, CD8 positive T cells; to give rise to a mature
single-positive T cell which is either CD8 or CD4, which

| eaves the thynmus and nmoves to the periphery.

So in a very sinple way, this is how devel opnent occurs,
either in the bone marrow for B cell devel opnent, or in the
thymus for T cell devel opnment.

Now, with each of those stages of devel opment, there are
certain decisions that have to be nade. And |I'monly going
to give you really sone take-home nessages here. \What's
happeni ng as we nove fromthis henmatopoietic stemcell to
this multipotent progenitor, to this conmon |ynphoid
progenitor, in this case giving rise to stages of B cel
devel opnent associ ated with changes of surface markers--in
the case of B cell devel opment, changes of i mrunogl obuli n,
gene rearrangenent--there's al so changes in gene

expr essi on.
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And these changes of gene expression exist to nmake certain
maj or decisions. One of the first decisions that has to be
made is to becone a |ynphoid Iineage cell. And what we
have here is a decision that's being nade with this common
| ynphoi d progenitor for |ynmphoid |ineage specification

What that decision really represents is the extinguishing
of multiple genes that are being expressed at extrenely | ow
l evels, as well as the onset of new gene expression and up
regul ati on of other genes being expressed. What one is
doing is honing down | ynphoid and turning up nyeloid

devel opnent .

At the next stage when it noves into the B cell stage of

t hi ngs, extinguishes T cell devel opnent, one has what we
call B cell lineage specification associated with onset of
expression of new transcription factors.

And then last, we make finally a comm tnent, whether it be
to B cell lineage comnmtnent or to T cell |ineage

comm tment, associated with expression of unique
transcription factors.

And in the case of B cell devel opnent, we know that the

gene PAX-5 and its product BSAP is involved in B cel
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i neage conmitnent which is associated with onset of CD19
expressi on and onset of VDJ rearrangenent.

Thus, with these devel opnment swi tches, what we have is

uni que genes naki ng decisions for specification, and then
ultimately commtrment to that particular |ineage.

Now, let's just turn to sonme very practical things as far
as when does devel opnent occur. And this slide just
illustrates that we have initially hematopoiesis occurring
in the human fetus outside the enbryo--it's in the yol k sac
out si de the enmbryo--occurring quite early, at enbryonic day
18.

Hemat opoi esi s then switches at approximtely enbryoni c day
40 to the fetal liver. And we begin what we cal

"definitive hematopoiesis,” which is characterized by
enucl eated red blood cells, as well as production of adult
henogl obin. We then have hematopoi esis occurring in the
bone marrow at approxi mately 12 weeks of gestation.
Lynphocyte devel opnent does not occur with primtive
hemat opoi esis. It only begins with definitive

hemat opoi esi s, begi nning at approxi mately six weeks of age,

and beginning in the fetal I|iver.
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It will then nove on fromthe fetal liver, as I'll show you
in the next slide, to the bone marrow. So |ynphocyte

devel opnent begi ns at around six weeks of age in the fetal
liver, moving into the bone marrow at approximately 12
weeks of age.

This slide also illustrates on the right contrasting the
human situation to the mouse situation. And one should

i mredi ately see sone interesting differences.

Mouse devel opnent occurs rnuch later in conmparison to human
devel oprment, in conparison to the total length of gestation
of approximately 20 days. One doesn't see fetal |iver
hemat opoi esi s or | ynphoid devel opnent until about hal fway

t hrough the gestation period, and one doesn't see bone
marrow devel opnment until three-quarters of the way through
gestation; in contrast to the earlier developnment in man
Now, this transition fromfetal liver to bone marrow for
definitive hematopoi esis as well as |ynphoid devel opnent is
not as sinple as this. But as shown on the slide, it's
really a continuum \What one has is, approximtely at six
weeks of age, the onset of fetal |iver devel opment, of

| ynphocyt es and henmt opoi esi s, which gradually peaks at
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about three nmonths of age, and then tails off and is

exti ngui shed by approximately 30 to 35 weeks of age. It is
gone by the time of birth.

The bone marrow hemat opoi esi s and | ynphopoi esi s begi ns at
approxi mately three nonths of age, and now in its prinmacy
is nore inportant than fetal |iver hematopoiesis or

| ynphoi d devel opnment by five nonths of age. And the bone
marrow will continue to be the najor site of |ynphopoiesis
and henmat opoi esi s throughout the third trimester, and is

the sole site of hematopoiesis and B cell devel opnent in

postnatal |ife.
Now, the way | like to think of devel opnmental stages in man
is illustrated on this slide that was prepared by Harry

Schroeder, fromthe University of Alabama. And what he's
done here is divided up devel opnent into first, second, and
third trimesters. This is for the human side of things.
And as a generalization, with first trinester what's going
on is we're accunul ating | ynmphocytes. T |ynphocytes are
devel opi ng, B | ynphocytes are developing. So we see this
l'iver devel opnment, |iver |ynphopoiesis occurring, around

six weeks of age, and then trailing off.
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We have bone marrow devel opnent, begi nning at approxi mately
12 weeks of age, and beconming the major site of

hemat opoi etic stem cell devel opnent. That's where the
common | ynphoid progenitor will be. And it will renain the
site of B cell devel opnent.

We have the thynus beginning to beconme devel oped at around
six to seven weeks of age in this first trinester

And by the end of the first trinester, we have T cells and
B cells that are mature--and |'Il show you sonme data in a
second--at the end of that first trinester. And we have
all the players really set up.

The second trimester is associated with really

peri pheralization of these cells into secondary |ynphoid
organs. And so we have secondary | ynphoid organ

organi zati on beginning. By the end of the second
trimester, we have had | ynphoi d organs devel oped. W have
them popul ated. And we have a relatively intact inmmune
systemin the human

The third trinester is associated with further organization
of those |ynphoid organs. But what we have primarily is an

increase in cellularity--an increased nunber of cells--and
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some increase in diversity of the repertoire. But the

i mune systemin man is pretty nuch intact by the end of
that second trinester

Now, if we wal k through and we | ook, what we'll now do is

| ook at B cell developnment, then we'll look at T cell

devel opnment. So this slide just begins to sumari ze human
B | ynphocyte devel opnent.

So as | nentioned, at six weeks of age in the fetal Iliver
we have henmatopoietic stemcells. At approximtely one to
two weeks | ater, we begin to see B cell precursors, these
progenitor B cells and these pre or precursor B cells now
appearing in the fetal |iver

Approxi mately two weeks after that, we begin to see |IgM
positive B cells. And at about two weeks after that, those
| gM positive B cells, which are considered i nmmature B
cells, now acquire Igh. So they're mature I1gM positive,

| gD positive mature B cells. W now see 1gG positive B
cells. And the ratio of progenitor and precursor B cells
to Bcells is approximately two to one.

If one cultures those fetal liver B cells, they can

function, and they can be activated to secrete
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i mmunogl obulin. And one is beginning to see at the end of
that first trinester peripheralization of those fetal |iver
B cells to the rest of the body.

And one then sees at that time bone marrow devel opnent,
where we're seei ng now hemat opoietic stemcells in the bone
marr ow -or presunably, hematopoietic stemcells in the bone
marrow. It's very difficult to identify henatopoietic stem
cells. And we're seeing both pre B cells and B cells now
devel oping in the bone marrow. And the bone marrowis
becom ng that site.

In the second trinester, by 15 weeks, the percentage of B
cells in the spleen, |ynph nodes, and blood is equal to
what we see in postnatal life. And so you can see how this
is very early in the devel opnment we've acqui red now numnbers
very simlar to what is happening in postnatal devel opnment.
At 18 to 20 weeks, we see primary follicles in secondary

| ymphoi d organs, such as |ynph nodes in the intestine. A
few weeks later, we see primary follicles in the spleen

And then what we see in the third trinester is |oss of

| ynphopoiesis in the fetal |iver, and the bone nmarrow

becones the prinmary site.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-62-



So that's B cell developnent. Let's take a look at T cel
devel opment. The thynus forns at approximately six weeks
fromcontributions fromthe third pharential [ph] pouch,
branchi ocl ast [ph], as well as neurocrest [ph] el enents.

We see thym c precursors, progenitors, popul ating that
thyrmus initially at approxi mately seven weeks. Those cells
can initially be seen in the fetal liver at seven weeks,
and they begin to repopulate in small nunbers the thynus at
about that tinme.

Popul ati on increases as the thynus becones nore
vascul ari zed at about eight weeks. And by ten weeks, one
can see real thynic organization, where the thymus can be
discerned into a cortical region as well as a nedullary
region with true demarcation

By 12 weeks of age, at the end of that first trinmester, we
have doubl e-positive, CD4 positive, CD3 positive, receptor
bearing thymacytes. They are functional. They can
proliferate to either foreign cells in an allogeneic
reaction, and they can proliferate to mytogins, such as

phyt ohenogl uti nae [ph].
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And by 14 weeks, we're seeing Hassels [ph] corpuscles form
And by 15 weeks, the subsets in the thynus now are very
simlar to what we find in the newborn. The T cells begin
to emigrate to the periphery, and begin to localize in the
spleen. So very simlar to what we saw with B cel

devel opnent, by 15 weeks we're seeing this marked

peri pheralization. So this is early on in that second
trinmester.

At 24 weeks, near close to the end of the second trinester,
if one looks at the repertoire, based on |ooking at cord

bl ood of prematurely born infants, one finds that the V-
Beta fam |y usage--this V-Beta is one of the genes that
encodes one of the T cell receptors that's encoded by the
Al pha and Beta chain--one finds that the diversity of V-
Beta usage is identical--as far as proportion of V-Beta
famlies being used, is very sinmlar to what's used in the
adul t.

The CBR3 [ph] size is skewed. And that's because of the
lack or the paucity of [inaudible] addition, due to a |ack
or low |l evels of the enzynme TDT, term nal deoxynucl eoti da

transferase. But the bottomline is, w have a fairly
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di verse repertoire, even at the end of that second
trinester.

And the third trinmester is associated with increased
cellularity in the thymus. W see sone increased

di versification, with increased CBR3 size. And we see
increasing cells in the periphery. So the third trinmester
is primarily associated with expandi ng those cells that are
there at that second trinester.

Now, if one | ooks at the major peripheral |ynphoid organ,
the spleen, one finds by seven to ei ght weeks one can begin
to see a spleen, and one can begin to see a few | ynphocytes
there. And by 15 weeks, one has in that spleen T cells, B
cells, as well as IgM plasnma cells.

At 16 weeks, one can see T cells localizing in what we cal
the periarterial |ynphoid sheath, which is a correct

| ocalization for T cells. A week |later, you can see
follicular dendritic cells; a few weeks later after that,

| gG plasma cells. And then one can see at the end of that
second trimester prinmitive Bcell follicles with follicular
dendritic cells. So all the organization is there by the

end of that second trinmester.
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Mature follicles are seen at 30 weeks. But one does not
see germnal centers until after birth. And that's because
one needs exposure to the outside world with activation of
the innate i mune response to get germ nal center

devel opnent .

So we've just | ooked at cellular contribution in the fetus
to i nmune devel opnent. What | want to turn to nowis, as
all of you appreciate, the fetus also is bestowed with

mat ernal i mmunogl obulin. O the isotypes, 1gGis the only
i sotype that crosses the placenta. Passive transport
begins in the first trinmester, quite early. Active
transport begins in the second trimester, and it picks up
in activity near the end of that second trinester.

A prematurely born infant who is born at 30 weeks gestation
will have an 1gG |evel of approximately half of a full-
termlevel infant. And a full-termnewborn will have an

Il gG |l evel greater than maternal |evels of 1gG because of
this active transport.

Al t hough all 1gG isotype subclasses can cross the placenta,
| gGlL preferentially is transported. And thus, when one

| ooks at full-terminfants often the level of I1gGl is
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hi gher in the newborn conpared to the mother. The |gQ&
subclass is not transported as well. 1gG and 1g&4 are

i nternedi ate, between IgGlL and 1 g&, and being transported.
Now, with transport of immunogl obulin, one has to ask

What are the consequences of maternal antibody? Can that
af fect the response of the newborn or infant to

i mruni zation? And as all of you appreciate, we know that
mat ernal anti body can inhibit replication of live vira
vaccines. And this has been shown with nmeasles vira
vaccine. This is not the sole reason that infants respond
poorly to neasles vaccine adninistered in the first year of
life.

But even with killed antigens, we know t hat nmaternal

anti body can decrease active anti body responses of the
infant to inmunization with killed antigen vacci nes.

This may work through one of several nechanisns, such as
redirecting antibody, redirecting antigen away from anti gen
presenting cells. Antibody may alter antigen processing
and presentation by the antigen presenting cell. And one
can also inhibit B cell responses secondary to antigen

anti body conpl exes which can send an inhibitory signal to
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the B cells through co-stinmulation of surface

i mrunogl obulin and the FC gamma R2 [ ph] on the B cel
surface. So antibodies fromthe nother may suppress infant
anti body responses. And one nust keep that in mnd.

In addition, one also has to appreciate a subject that was
di scussed yesterday by Dr. Lanbert: the possibility of

aut o- anti body production. And we know that with transfer
of i mmunogl obulins across the placenta, if the nother has
aut o- anti bodi es those nay be transported across the

pl acenta to the fetus, and may give rise to synptonatic

di sease. Thus, nothers with |lupus who have anti-ro [ ph]
and anti-la [ph] antibodies, their infants may have either
a neonatal heart block, or cardiac endofi bromatosis [ph]
may occur with their hearts.

Cbvi ously, Rh inconpatibility, ABO inconpatibility,

anti bodies to platelets, can give rise to thronbocytopeni a,
and anti bodies to white cells can give rise to | eukopenia -
very well known reactions. And newborns born to nothers

wi th nyasthenia gravis or thyroid disease may al so devel op
t hose di seases, such as nyasthenia or thyroid toxicosis.

And maternal anti bodi es can al so cause nenbranous
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gl onerul onephritis in the offspring. So it is sonething
that we nust also keep in mnd.

Now, in addition to material antibody, what about the
fetus? |s the fetus capable of generating an anti body

response? And the answer is "Yes." |f one |ooks at cord
bl ood, one finds a level of IgM which we know doesn't
cross the placenta. That level of IgMis approximately 10
percent of the adult |evel.

We know that that immunogl obulin nmay be associated with
anti bodies to blood group antigens such as bl ood group "I,"
bl ood group "A," or blood group "B." And we know that this
is a fetal contribution, because one can identify paterna
genetic markers, or paternal allotypes, on that

i mmunogl obul i n.

In general, these IgM anti bodies are low affinity. They
are poly-reactive. They have not undergone a somatic type
of mutation. They' re germline encoded. And we know t hat
anti body production can occur as early as the second
trinester.

Now, | just want to point out, there are three, | think,

pretty good exanples in which we have docunent ed evi dence
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that the fetus can nake an i mmune response. They can be
found associated with congenital infections in the fetus;
where the fetus has been in utero in an environnent where
the nother has had either a parasitic infection or an
infestation, or with allergen exposure.

So we know with congenital infections that the fetus can
generate an I gM anti body response. Wth CW, about 90
percent of offspring will have an antibody, if they have
congenital CW. Wth toxoplasnosis, it's about 81 percent.
Wth rubella, it's approxi mately 65.

And it's not solely IgMantibody. |[|f one |ooks at |IgA

anti bodi es, we know with toxoplasnosis up to 89 percent of
fetuses will have an |IgA antibody response to

t oxopl asnosi s.

If one I ooks early on in gestation, at prematurely born

i nfants, newborns born with congenital toxoplasnosis, one
can find antibody responses in a quarter to a half of those
newborns. Thus, antibody production is beginning quite
early in life with these congenital infections.

Over the |l ast decade it's been shown that parasitic

i nfections can activate i mmune responses in utero, and can
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prime for inmune responses. And this has been shown with
schi stosoma nansoni [ph], with trypanosoma cruzei [ph],

wi th plasnodi um fel ci pherin [ph], with helninths.

And if one | ooks at cord bl ood, one can culture cord bl ood
| ynphocyt es--and specifically cord blood T-Iynphocytes--
with antigens fromthese parasites, and show specific T
cell proliferation. One can show that those T cells not
only proliferate, but will produce cytokines. And they
wi Il produce cytokines, not just THl cytokines; but wll
produce both TH1L as well as TH2 cyt oki nes.

You can denponstrate a specific IgM antibody response in
cord blood to those parasitic antigens specifically in

of fspring of infected wonen. And one can also culture
newborn B cells and denonstrate in vitro an 1gG anti body
response to parasitic antigens.

Last, with allergens, both with indoor as well as outdoor
al | ergens one can denonstrate, using cord bl ood

| ymphocytes, T cell proliferation. One can denonstrate
proliferation of not just naive, but menmory T cells. And
one can denmonstrate that those T cells can make nmultiple

cytokines, often of the TH2 variety, IL4, IL5, 1L10, and
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IL13. And one can generate even allergen-specific T cel

cl ones, and show that they have the ability to generate

t hese cyt oki nes.

Thus, congenital infections, parasitic infections in the
not her, as well as allergen exposure, all appear to be able
to prinme responses in the fetus.

Now, the subject of maternal imrunization has arisen, And
| just want to point out that with maternal inmunization-
for exanple, with Group B streptococcal vaccine that's
being currently studied, as Marion just pointed out--the
not her can generate a serum | gG anti body response. And
that 1gG can be transported across the placenta to the
fetus.

Two comments about that. One, one has to realize that
there will be a lag in antibody production, which is true
no matter if you were inmunizing a pregnant or non-pregnant
woman. And there's also a lag in transport.

If one immunizes late in gestation, at approxinately 38
weeks of gestation, one will not find elevated |evels of
antibody in the offspring. One has to i munize early, to

allow the FC receptors in the placenta to becone saturated
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with the antibody and then transport it actively across the
pl acent a.

And thus, for Group B streptococcal inmmunization during
pregnancy, those imunizations are occurring at

approxi mately 32 to 34 weeks of gestation, to give enough
time for an active anti body response of the nother, as wel
as time for transport of that antibody across the placenta
to the of fspring.

In addition to making 1gG anti body to the vacci ne antigen,
there is the theoretical possibility that the nother could
meke an 1gG anti-etiotypic [ph] antibody to that antibody
to the vaccine antigen that could conceivably act as a

m mc of the vaccine antigen. That is sonething that has
been docunented quite well in animal nodels, but not
docunented very well on the human side.

There is the theoretical possibility that the vaccine
antigen itself could cross the placenta. But there is not
very good data showi ng that that occurs in man.

And | ast, another contribution from maternal inmmunization
is frombreast mlk antibody. |It's well appreciated that

if one inmunizes during pregnancy or after pregnancy in a
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| actati ng wonman, one can increase |evels of antibodies,
specific antibodies, in colostrumor in breast mlKk.

And these are studi es done al nbst two decades ago of wonen
who were imunized in the third trinmester of pregnancy with
t he haenophil us influenza pol ysacchari de vaccine. And they
had | evel s approxi mately 20-fold higher in their col ostrum
conpared to non-i nmuni zed wonen. And levels were quite

el evated as well in their breast nilk, conpared to non

i mmuni zed worren.  And this has been shown for many ot her

ki nds of vacci nes.

Now, one of the questions that one has to struggle wth:
VWat is the evidence, are neonatal B cells activated or
primed during maternal inmunization during pregnancy?
mentioned that congenital infections, as well as parasitic
infection in the nother, as well as allergen exposure, can
prime in utero. How about active immnization during
pregnancy?

Well, the bottomline is that on the hunan side there's not
a lot of data to suggest that this is occurring. Wen

| ooked at for haenophilus influenza B, influenza virus, at
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Group B streptococcus, at pneunpbcoccus, there is no good
evi dence that it occurs.

However, for tetanus there does exist some data-initially,
fromTom GlIl's [ph] group at Pittsburgh--suggesting that
tetanus i nmuni zation earlier in pregnancy, earlier than the
third trinester, as well as possibly multiple doses of
tetanus i nmuni zation in other studies, may have the ability
to prime the fetus for an I gM response to tetanus.

More recent studies though have not validated this;

al though I need to point out that those recent studies were
done during the third trimester of pregnancy. This is
sonething that really does deserve further study. And it's
probably the type of study that should and could be done in
the developing world. And | urge that that be further

| ooked at.

Last, in closing, | just want to point out, if one |ooks at
the neonatal inmune system just a couple of
generalizations. |If we |ook at the i mune system of a

full -terminfant, what do we have? What we have is, we
have an intact imune system but it's a naive inmmune

systemthat just has not been prinmed yet. So we have this,
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what we say, inmmturity, but it's inmaturity due to | ack of
antigen exposure.

And | think it's inmportant to point out that the human
neonatal imrune systemis far nore mature than the nurine

i mmune system The second-trinmester human fetus is
conparabl e to the newborn npuse

And | think one can appreciate why that is if one |ooks
again at sonme of these nunbers. Wat one finds is, as |
pointed out earlier, if you | ook at nopuse devel opnent, one
is not seeing fetal liver devel opment, fetal liver B cells
in the mouse, until about day 14, and bone marrow

hemat opoi esi s and | ynphopoi esis until about day 15, in this
20-day gestation period.

In contrast, as | pointed out, by the end of the first
trimester we have fetal |iver devel opnent, bone marrow
hemat opoi esi s and | ynphopoi esis intact. And by the

begi nning of the second trimester, we're seeing

peri pheralization of these |ynphocytes. Thus, the kinetics
of devel opment are quite different in the two species.

If you | ook at the neonate as well as the infant on the B

cell side, it's just inportant to renenber that what we do
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have often in the neonate, we can have a | owanti body
response. Sonetines it's transient. |It's lower affinity,
because often it's germline encoded. It can be inhibited
by maternal antibody. You can see a decreased gernina
center reaction.

But you do activate nenory B cells. And in fact, if
anything, nmenory B cell activation seens to be |ess
stringent than induction of primary antibody responses in
t he neonate and young infant.

There may be restricted repertoires early onin life. And
we do have this age-related hierarchy of responses. As we
know, responses to pol ysaccharides don't occur unti

usually two years of age or |ater.

And simlarly, on the T cell side, the newborn is not born
with any kind of T cell menory. He or she has a naive
repertoire. And those T cells don't proliferate and
generate cytokines as well as adult cells. And they
require co-stimnulation, but this is because they're naive
cells. And this is really a property of being really a
naive cell. And what they do need is really optim

antigen presenting cell, or innate inmunity adaptive T cel
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interactions. And that co-stinmulation is very critical for
nai ve cells.

Last, in closing, there was this belief that the newborn
could only generate a TH2 response. And we know t hat the
newborn can generate a THl type response. And a good
exanple of this is the work of Arnaud Marchand [ph] and
others, in |looking at the responses of newborns to BCG

And what he and ot hers have denonstrated is that BCG if
given at birth, can generate a very good THl response with
high I evels of Interferon-ganma and | ow | evel s of |L4.

And then, as was brought up by Paul -Henri Lanbert
yesterday, with that BCG i nmuni zation in the neonate or

i nfant that generates this THL i nmune response, the BCG can
i ncrease anti body responses to hepatitis B virus, but not
the tetanus or diphtheria.

But it's inportant to remenber that in spite of a very
potent inmunization such as BCG that generates a THL
response, that TH1 response in no way pol arizes an inmune
response to other vaccines that are adm nistered either
simul taneously or later in life. So one doesn't have

i mmune deviation, even with imrunization occurring in the
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neonate with a potent vaccine such as BCG And so one
needs to keep that in mnd

Thus, in conclusion, what we've seen is the first trinmester
in man is associated with initiation of |ynphopoiesis,
production of T-lynphocytes and B-1ynphocytes. And by the
end of that first trimester, we're seeing the beginning of
peri pheralization fromeither the fetal liver or fromthe
thyrmus to the periphery of Bcells and T cells,
respectively.

In the second trinester, we're establishing | ynphoid organs
t hat becone popul ated by those cells. W' re getting normnal
structure formation.

And the third trinmester is primarily associated with

i ncreased cellularity, increasing the nunber of cells of
those subsets that are there by the end of that second
trimester, with sonme increased diversification.

As | have noted, the fetus can generate i mune responses to
congenital infections, to allergens, as well as to
protozoan antigens. The fetus can acquire maternal |gG
and it's sonething that one will have to keep in mnd. And

| ast, the human is not equivalent to the nouse.
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I thank you for your attention.

[ Appl ause. ]
DR. INSEL: 1'd be glad to answer any questions.
PARTI CI PANT [In Audience]: | was wondering if you had

i nformati on on why sone antigens cross the placenta? You
said that apparently with allergens or parasites, immune
responses occur. So | presune that's due to the materi al
crossing the placenta; and why others done.

DR. INSEL: Yes. |It's a good question. And it's not been
really well studied. | think one of the things is, with
the parasitic antigens | think the level of antigen
exposure is probably very inportant, and the chronicity of
antigen exposure.

And exactly how transport is occurring, whether it's
occurring bound as an anti body antigen conplex that's
transported, or whether it's transported separately as an
antigen, has not been really well studied.

But | think the level of antigen probably is quite
critical. But highly deserving of further study.
PARTI CI PANT [In Audience]: | was just wondering if you

could comment on anythi ng about NK cells and devel opnent ?
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DR. INSEL: Yes. | can't. You know, there are different
popul ations of NK cells. | don't really have the data.

But if you cone up to me later, I'Il be glad to ook it up
and send you that. But | can't give you good data.

MR. PARKMAN [In Audience]: Actually, this question, or
this coment, is not directly related to your talk. But if
people or if the organizers will forgive ne, | would Iike
to kind of comment on the whol e discussion we've had here
t hi s norning.

My nane is Paul Parkman [ph]. | was with the regulatory
agency from 1963 until 1990, so | was there for CBER in
CDB, and then CDB and all of those pl aces.

Since | have left the organization, | have been a
consultant. And just so people know where |I stand, | have
consulted not only with the governnment, but also with
manuf acturers, including Aventis Pasteur and Merck
Nobody has told nme what | should say, | would hasten to
add. So these are only ny own thoughts. And | kind of
wor ry about- -

[ Tape Change. ]
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2A

MR. PARKMAN [In Audi ence]: --one product that
has had the potential for bad reproductive toxicity, and
that was Gernman neasles vaccine. And |'msurprised there
wasn't nore nmention of that. That was a long tinme ago, of
course. It was in 1969.

The studies that were done that suggested that the vaccine
was not reproductively toxic were done al nost entirely by
the Division of Biologic Standards. And the results in

ani mal nmodel s, the nonkey was selected. | mean, we kind of
| ooked back to epideniol ogy, and saw what the di sease did.
We used nonkeys as a nodel, because they are kind of close
to man. W devel oped a nodel for the disease.

We studi ed pregnant Rhesus nonkeys. W | ooked at the
outcomes of infected pregnant Rhesus nonkeys. W made

mar kers for the attenuated product, the attenuated vacci ne.
We, along with CDC, followed up after the vacci ne was
licensed, to | ook at wonmen who were inadvertently
vaccinated. And it showed that the vaccine was safe, |

t hi nk most peopl e believe.

You know, and another reason | got up is |I'mkind of

al armed by runors of a 400-rabbit toxicity test for a
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vacci ne that was recently being considered. And maybe it
isn't 400; naybe it's sonmewhat |less than that. But that's
a very large experinment.

Very |l arge experinents take away from personnel tinme and
effort in trying to devel op new products. So | kind of
come around to the point that | would encourage kind of
caution in what kind of testing the agency would require.
And | say all this because | know there's a lot to cone

t oday about people who will talk about toxicity testing. |
t hought your talk was excellent. But it also causes ne to
worry--because it sounds very “"researchy"--as to what the
FDA m ght require

I would only counsel that the FDA be careful. It takes a
ot of tinme and effort to do these studi es under GW, that
can take away from what people can do on other things.

I think it would be worthwhile sone tine to review the
reproductive toxicol ogy and the toxicology of products that
have been approved before, not only rubella but perhaps
other topics. |If thimerosal is a big issue, nmaybe it would
be worthwhile to | ook and see what is being done nowto

| ook at that issue.
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And |'msorry, | probably have gone on too |long. But
anyway, thank you.

DR. GRUBER: Yes, Dr. Parkman, thank you very nuch for your
t houghtful comments. | just wanted to nmention that
actually the FDA is by no neans there that we require
reproductive tox studies in 400 rabbits.

As a matter of fact, | think today's discussion is al
about how to really approach reproductive toxicity
assessnent in the nost feasible and practical way, and
think I sort of nentioned that at the beginning of ny
presentation. But | think we're going to be discussing
sone of your concerns this afternoon, and we should keep
those in m nd.

I think we're just going to allow for one nore question,
and then we are actually entitled for a coffee break, so
that we're not running too |ate.

MS. LINDBERG [In Audience]: Rae Lindberg [ph], SR

I wanted to thank you for a really wonderful talk that

gi ves us encouragenent that these studies are extrenely

rel evant and probably feasible.
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| wanted to ask you, you've convinced us that a nouse is
not a man. And | wonder if you can lead us to any other
small aninmal nodel? O are we really constrained to think
of primates as the appropriate nodel for these sorts of

st udi es?

DR. INSEL: VYes, it's a great question. | think it's very
difficult to use small animal models. And | think in
certain instances one is going to need to | ook at prinates.
I think one will have to do this on a case by-case basis.

I would hate to generali ze.

But | think one can learn some things fromsnmall aninma
nodel s that can be relevant to the human experience. But
one can't directly extrapolate for sure from nmuse to man
I nean, that's going to be obvious.

Al so, | urge whenever possible in the human situation to
try to study man; whenever it can arise and one can get
cord blood to | ook at, |ynphocyte subsets to | ook at,
responses. It's difficult, obviously, to get blood from
infants. | appreciate that. But where inadvertent

i mruni zati on has occurred, where exposures have occurred,

especially with this registry, | urge people to try to | ook
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at the human situation whenever they can, so we can |learn
as rmuch as possible. Thank you.
DR. GRUBER. Ckay. So | think we're going to have a 15-
m nute coffee break. And we reconvene at 10: 30.
[ Recess. ]
DR. GRUBER: | would like to now introduce our next
speaker, and that is Dr. Stephen Holladay. He is a
prof essor of anatomy and toxicology at the Coll ege of
Veterinary Medicine at Virginia Polytechnic Institute. And
his research area is devel opmental i munot oxi col ogy.
He has recently expanded this focus of his research to
i ncl ude el ucidating nmechani snms responsi ble for nmaterna
i mmune protection against teratogen-induced birth defects
in mce. And | welcome Dr. Holladay to this session. Dr.
Hol | aday.

MATERNAL | MMUNE SYSTEM STI MULATI ON

AND EFFECTS ON FETAL TERATOGENESI S

PRESENTER: STEPHEN HCLLADAY, PH.D.

COLLEGE OF VETERI NARY MEDI CI NE

VIRG NI A POLYTECHNI C | NSTI TUTE
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DR. HOLLADAY: Thank you, Marion. 1t's a pleasure to be
her e.

| thought after | agreed to this subject, this talk, with
Marion and with Ken Hastings, and picked this title, that
nost of you might assunme |I'mtal ki ng about increased risk
of teratogenesis associated with maternal inmune
stimulation. And this is a rather paradoxic phenonenon, to
me anyway. But actually, what |I'mgoing to talk about is
decreased risk of teratogenesis with maternal imune

stimul ation.

This is not a new area, in one regard. It began in 1990,
and then died for a while. And we picked it up about 1998
in nmy |lab, and have been working with it ever since, nore
for interest than any other reason. This is not what | do
for my living--Or | suppose it's not. Just recently, we
were awarded five years of funding fromNHto investigate
mechani snms as to how this process works. So nowit's
become nore of what | do for a living.

But 1'mgoing to argue that at |least in a nopuse nodel

mat ernal i mune stimul ati on has what appears to be broad
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spectrum efficacy for reducing birth defects caused by a
nunber of teratogens.

| don't know if this phenonenon works beyond a nouse nodel .
I would like for the audi ence to consider today possible
human cohorts, as we | ook through this data, where we m ght
test the hypothesis that a sinilar nechanismis operating

i n humans but has not been recogni zed yet.

The begi nning of this concept was in 1990. Note the
journal, the "Journal of Experinmental Medicine." The group
that published in this journal was a Japanese group
primarily involved in cancer research. The head

i nvestigator of that |ab's nane was Nomura. Wy they
shifted into teratogenesis for a brief time, I'mnot sure.
It wasn't tal ked about in the paper. But their data were
very interesting, and this caught our attention, actually
about 1991, when we first saw these dat a.

Very briefly, these individuals used an i nmune stimul ant.
The stinulant is Pyran copolymer. And sone of you that
work in oncology may recognize that this was used maybe 15
or even 20 years ago to stinmulate the i mmuune system of

i ndividuals with cancer. The idea was then that activated
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i mune cells would find and elim nate pre-cancerous or
cancerous cells, and this nmight be therapeutic for the
cancer. It proved that it really wasn't of much value, so
it's not been used in that regard.

These individuals used Pyran copolyner in a nouse nodel.
The nouse nodel was an ICR, or a CD nouse, basically.

These "1's" indicate it's an inbred | CR nouse nodel. That
should be an "I" also. |'mnot sure how that "O' got

t here. But this is an inported table, and a little
difficult to change. So their nouse nodel was an inbred

I CR nobuse nodel .

The i mmune stimulation was an I P injection of Pyran
copolynmer on the third day of gestation, and then
subsequently these nmice were challenged with various

t er at ogens.

And you can see in this case that these are not all the
data fromtheir paper. The paper was quite rigorous. Mny
replicates were indicated. Again, the journal is a good
journal, with a powerful peer review process. W had to

assune that this was a well done report. And indeed, when

we validated in our own |ab, we found the sanme results.
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But briefly, the first teratogen they discussed was

uret hane, or ethyl carbamate. This is an agent we used to
use in biology labs. | can renenber when we woul d
anesthetize frogs in the I ab, and reach in and pull the
frog out for dissection. |It's not used that way any nore,
because we recogni ze now that urethane is a carcinogen.

But it also is a teratogen, and on day nine of gestation in
the nmouse will produce digit defects, and on day ten will
produce cleft palate. Wth this very sinple form of imune
stimulation, the Pyran copolymer is an inert substance;
it's sterile. But the resident nacrophages recognize this
as a foreign particle, and will activate and phagocytize
it. And this is a very sinple inmmune activation procedure.
And for sone reason--this is what | described as
paradoxical--if this immune stinulation is perfornmed, we
have a reduction in the nunmber of fetuses that have birth
defects, from 25 percent of the fetuses to 6 percent. Very
dramatic; four-fold reduction in birth defects, caused by

that i mune stinulation procedure.
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A second chem cal they eval uated was nethyl nitrous urea,
which is an alkalating agent. And in this case, digit
defects were produced.

And the birth defects were reduced by the Pyran copol yner

i mmuni zation from 35 to 20 percent, approaching a two-fold
reduction. A physical agent was also investigated, Xrays.
Tail defects were the predom nant defect. And we see here
a two-fold reduction in that defect.

So when | was first called in to exam ne this paper, ny
feelings were it's kind of hard to inmagine that this really
works. But | know that the paper underwent rigorous
review, and | know these investigators are a strong

| aboratory. So | recomended that we evaluate it in our

| aboratory as well and see if we got the same results. It
coul d be quickly done.

We actually had a colony of C57 fenmales we would breed with
C3H mal es. This produces the hybrid B6C3F1 offspring that
is the i munotox testing nouse used by the NTP to produce
the currently nost accepted risk assessnent paradigm So

we had these nmice in-house and we could use them This is
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an inbred line. Both of those are cytogenetic lines, and
this is a hybrid of that line

And our initial experinment with nethyl nitrous urea you can
see here, with dosing the sane level as in the paper | just
showed. We produced about 56 or so percent defects. If we
i mune activated with Pyran copol yner on day three of
gestation, which is about six days before the teratogen
chal | enge, we have a significant decrease--about one-third-
-in the level of digit defects caused by this teratogen

In this experinment, the first experinment, we had enough
animal s that we could use a vehicle exposed control. In
subsequent experinents, we' ve used i nmune sti nul at ed
controls. The imune stinulation has not produced
undesired effects on the pregnancy. 1In fact, it appears to
have some desired effects--decreased resorptions, and so
forth--in addition to the reduced teratogenesis.

This particul ar experinment was the only one that |'ve
conduct ed where a vehicle exposed control had a spontaneous
defect. That's why there's a little bit of height on that

colum there. W had one exencephaly in that experinent.
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These inbred mce are a bit harder to breed and a bit nore
expensive to breed than outbred mice. So our next question
was: \What happens if we do this in an outbred aninmal?

And these are |ICR--Again, a CDl1 nouse, an outbred nouse.
And we repeated the sanme experinent: nethyl nitrous urea,
Pyran copol yners, the imune stinulation given, IP. And
you see a simlar profile here, in terms of reduction of
the birth defect, the digit defects.

The noteworthy difference--and we've seen this repeatedly

i n experiments between inbred and outbred animals--is the
out bred animal tends to have a |l ower |evel of defect; in
this case, a bit over 20 percent, conpared to approaching
60 percent on this side.

And the outbred animal al so has responded better to the

i mmune stinmulation, in ternms of reducing the birth defects.
Here we have about a 30-percent decrease; and here we've
got nore than a two-fold decrease in birth defects, digit
defects caused by this i mune stimulation. So we have
noved to outbred aninmals, and nowthat's primarily what we

use.
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W also--Well, that's a hair trigger there. Let's see.
Okay. Evaluated the sane defect caused by another

chemi cal. This is urethane. Again, we've done this with
di fferent inmmune stinulants, and under different
condi ti ons.

In this case, the imune stinulant is different. 1|t's BCG
an attenuated bacillus, we used by IP injection. The sane
idea: To activate peritoneal nacrophages.

And this was a dramatic result in this particul ar
experinent. We had digit defects at about 19 percent,
reduced to zero here in this group. The inmune stinulation
totally bl ocked the occurrence of this defect in these

nm ce, even though urethane was given at the sane dose, sane
schedul e, and so forth, in both of these mce. The only
difference was the IP injection of BCG earlier in gestation
in those mce

These peaks have a little height. | put that in there so
they woul d be there. They technically have a hei ght of
zero, if you're wondering about that. | just didn't fee
good about putting that star over nothing. So that's where

that cane from
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We eval uated cleft palate al so by urethane, and probably
have spent nost of our tinme there, in terms of trying to
under st and mechani snms by which this i mune protection m ght
wor K.

This is, again, in an |ICR nouse nmodel on top. You can see
the normal ly-fornmed palate in this nouse. Here's the nose
of the nouse; brain stem back here; the | ower jaw has been
renoved.

We found early on that when we dose with urethane -this was
at arelatively high level of about 1,000 mlligramns-per-
kil ogram-on the norning of day ten of gestation, we could
create cleft palate in about two-thirds of the fetal mce
Al so, we noted that the cleft palate we produced was of two
phenot ypes, w thout much of an integrate in between. W
have what we called a "wide cleft.” | hope you can see
that fromback in the seating. And we have what we call ed

a "narrow cleft,” a nore slit-like cleft. And it is
probably sonething we can explain fairly readily by precise
timng of closure of the palate with the chenical exposure,
but we did have these two very different phenotypes. And

we characterized themwith the i nmune stinul ati on, as well.
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Different stinulants were being used in the lab. | tried
to get away from BCG because, while it was very effective
for us and worked well, contam nation of |aboratory
personnel mght result in a positive TB test, and we don't
need that. Actually, | switched to BCG because | ran out
of Pyran copol ynmer; contacted the Hercul es Corporation that
produces that, and they indicated, "You know, we stopped
over ten years ago. And what we've been supplying has been
on our shelf, and that's gone now." So we actually had to
switch i mmune stimulants, and that was probably good for
us.

But we asked the question of: Wiy not Interferon gamma?
This is a macrophage activating protein. And the
literature is suggesting that macrophages are role players
in this phenomenon, and that their activation is very
important. So why not just inject IP Interferon-gamm? So
that's what we did in this nodel of urethane induced cleft
pal at e.

And we al so wanted to know. |If we did a nore renpte inmune
stimul ati on, what woul d happen in that case? There were

ot her reasons to suspect this mght be worth | ooking at.
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But we used a foot pad injection of a |low |evel of Freund's
conmpl et e adjuvant, and then evaluated cleft pal ates.

In this urethane-exposed nodel with these two i mune
stimulants, total cleft palate, you'll see, was about two
thirds of the animals in the urethane-exposed group. These
divided into the phenotypes | just showed. They were
predoninantly the wide cleft. About 86 percent of the
clefts we saw were wi de clefts; about 14 percent narrow
clefts. And you can see how the i mmune stinulation changed
that profile.

I nterferon-gamm injection reduced to about 46 percent the
cleft palate incidence. And then, of those clefts that we
had, only 45 percent, rather than 85, were what we
considered the nore severe, or the wide cleft palates. So
there's a change in two directions here.

Wth Freund' s conpl ete adjuvant the data are very simlar
Again, instead of an IP injection, this is a foot pad
injection at a renpnte site; a different form of imune
stimulation. Yet the data are quite sinmlar. W have the

same reduction in cleft palate, a very simlar profile of
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shift between the narrow clefts and the wide clefts in this
nmodel .

| have a graduate student now who is using the same imune
stinmulants, but in quite a different nodel. His interest
is diabetes. This is insulin-dependent diabetes nellitus,
whi ch we know increases risk of birth defects in humans.
There are nmouse nodel s for studyi ng nechani sns behind the
hypergl ycem a and the associated birth defects.

And he took advantage of this system and induced three

| evel s of blood glucose by using a streptozosin [ph]

i nduced di abetes. This is a |longer hensile [ph] toxicant.
And he produced what he called a | ow and a noderate and a
hi gh bl ood gl ucose group, and then focused on this high

bl ood gl ucose group, which you see down here.

Abnormal to live: These are malforned fetuses. Fifty
percent of the fetuses were malformed in this high blood
gl ucose group. Those were predom nantly exencephalies
caused in this case. There were a few cleft palates and a
few other defects, but the majority of these defects are

exencephal i es.
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And you'll see with the immune stinmulants--this again is
compl ete Freund's adjuvant--this was reduced to 21 percent.
Wth GMCSF, a colony stinulating factor, this was reduced
23 percent. And Interferon-ganmm, again, 14 percent.

There is no significant difference between any of these
three. All three are significantly below the 50 percent in
this case. So the inmune stinulation again worked
approximtely equally, and in a very different nodel, for
reducing birth defects.

This student noted that placental weight was significantly
increased with Interferon-gamm injection, and had an
interest in the possibility that the placenta was inportant
also in this protection. And I'Il show sonme slides al ong
those lines in a bit.

But now this slide sumrarizes data currently available in
the literature that dempnstrates that maternal inmmune
stimul ation in a nmouse nodel reduces chenmical or other

t erat ogen-induced birth defects.

This is in a paper in "International |Imunopharmacol ogy," a
revi ew paper we just published a few nonths ago. And if

you have any interest in that, you can just search on ny
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nanme, and this will come up. The reason | put it inis to
show how di verse the teratogens are that have been used
with this procedure.

Here is TCDD, or dioxin, that produces cleft pal ate when
given on day ten of gestation

This is cycl ophospham de that produces craniofacial or linmb
def ect s.

Ur et hane, we've tal ked about: hyperthernia; produces
exencephal y.

Di abetes nellitus, |'ve nentioned.

Met hyl nitrous urea.

Val proic [ph] acid. | had a visiting scientist in the lab
interested in valproic acid. She injected mce to produce
exencephaly with this drug. This is the anti-seizure drug,
sodi um val proate, used for epilepsy; and does increase risk
of neural tube defect. And reduced this defect with a
Freund' s conpl ete adj uvant i mrune stinulation, from53
percent down to zero. Again, the defects totally went away
inthis case

A nunber of these mice wthout i mune stinulation were born

wi th open eyes, and mice nornmally are born with closed
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eyes. And we noted that that also was significantly
reduced.

This was an interesting experinent for another reason.

This is the first case where we saw a defect that was
apparently caused by the i mune stinulation. Mce that
wer e exposed to sodium val proate and al so Freund' s conpl ete
adj uvant, a significant nunber of these mice were born
without tails. That's not typical for sodium val proate.
That's not a defect associated with this drug. It is very
rare in the | CR nobuse nodel we use, an anuria defect. So
we' re presuning--W've only done this experinment once,
actually. This is, | think, the only one up here that's
non-replicated. But we did see an increase in anuria, or
tail-less mce, in this case, which was kind of

interesting. X-rays, again, here, also.

So diverse teratogens. The imune stinulation procedure
can be quite diverse. Some of these |'ve tal ked about.
These investigators injected rats' splenocytes. This would
be an all ogeneic--or actually, a xenogeneic cell in a nouse

nodel , whi ch woul d i nduce an i mmune response.
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And | think we've seen all these other imune stimulants in
earlier slides.

Defects, again, that are protected against are of a
variety. Here's the level of birth defects w thout inmmune
stimulation; with i mune stimulation. And you can see in
all cases we have a significant reduction in these defects.
So it's a broad-spectrum thing.

The question that immediately comes to mind is: Wa's the
nmechani sn? How does this work? And |I'mgoing to tell you
now, | don't really have the answer to that. But in
recent--well, in the last year and a half, this is the area
we' ve been focusing in.

The earlier report in 1990 suggested that the mechani sm

m ght involve activated i nmune cells that cross the

pl acenta and find and elininate pre-teratogenic cells. And
they actually presented what | would say is |linmted data.
And they readily admtted that this m ght not be the
operating nmechanism It wasn't oversold by any neans, but
si nmply suggest ed.

And our | aboratory had questions about the possibility that

this was occurring, and that part of the fundamental s of
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reproductive i munology is that maternal i mune cells don't
routinely traffic across the placenta. There is |owl evel
trafficking of some cells; for instance, NK cells. But
when pl acental barriers break down to maternal imune cells
we see pathology in the fetus in the formof a graft[ph]-
ver sus- host response. So we really didn't believe this was
the case for the i mmune protection that we were seeing.
Thi s hypot hesis al so came out of a cancer |ab; and again,
with Pyran copolymer. | could reread this to sound I|ike
the cancer hypothesis, where activated i mmune cells find
and elimnate pre-cancerous cells. So it's kind of the
sanme hypothesis, restated for a devel opnental scenario.

O her reasons we didn't think that was going on: Pre-
teratogenic cells in a fetus are going to be seni-

al l ogeneic relative to the nother. And it's difficult to
under stand how the maternal inmmune system m ght separate
those fromother fetal cells.

But beyond that, for sone of these chemical agents--and
dioxin is a good exanple -the defect, the cleft palate
defect in this case, is associated with a failure of

apoptosis of cells lining the palatal shelves. This is an
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event required prior to proliferation of the underlying
mesodermal cells that will then cause closure of the
pal at e.

If these epithelial cells fail to respond to death signa
and apotose, we have to consider that the pre-teratogenic
cell in this case is actually a phenotypically normal cel
that didn't die. That raises further questions about: |If
mat ernal imune surveillance in the fetus is causing this
effect, how are these inmmune cells recruited ino the
fetus, and how are they recogni zing these phenotypically
normal cells as different fromother cells? So we had a
nunmber of questions about how that night work.

And our thought was that this is not a direct effect; it's
an indirect effect. The likely mediators are cytokines.
There are consi derabl e cyt oki nes that m ght be

i nvesti gat ed.

Oh, we've lost part of that slide. Ckay, well, that's
okay. | wasn't real fond of that slide, anyway.

[ Laughter.]

DR. HOLLADAY: W did performa cell tracking study to see

if we could track cells across the placenta, activated
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i mune cells fromnother to fetus, using a probe, the

chl oronet hyl dichl orofl uorocene di acetase--quite bright on
flow cytometer. And the gist of that site was, we couldn't
doit.

So turning to possible nediators of this effect, we were
interested in cytokines. OQur imediate dilemm was that
activation of the macrophage causes production of nore than
100 described proteins. And these proteins in turn operate
on other cell types to cause secretion of even nore
proteins. So our enthusiasmwas dininished for trying to
sort through the nunber of proteins we would have to, to
find the active ones; which are in all likelihood acting in
concert with each other, several proteins as a famly
rather than one or two, anyway.

So our thought was, if cytokines are the nediators and are
crossing the placenta, then there are placental targets, or
there are fetal targets, that we should be able to show a
change in. And these are gene expression targets.

The literature is very poor regarding ability of cytokines
to cross the placenta, we found out right away searching.

Interferon-al pha is described as crossing. TG~beta is
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descri bed as crossing placenta, and in a nouse that's an

i mportant cytoki ne devel opnent.

CSF1 crosses placenta very readily. GCSFl1l, granul ar
cycol om ne [ph] stinulating factor, crosses placenta. |
woul d like to know if GMCSF crosses. | can't find that
type information.

But our presunption was that if these cytokines are

regul atory nol ecul es and are crossing the placenta and
operating in the fetus, we should be able to see changes in
gene expression. There are focus arrays available nowto
do what we wanted to do then, but there weren't at the
time. So we used RTPCR, and just sel ected a group of genes
that are inportant in controlling cell cycle -
proliferation, differentiation, apoptosis--a few genes, and
eval uated the expression of these genes.

And briefly, the expression in particular of these isoforns
of BCL2 with P53 in the fetus are described as inportant,
believed to be. And | believe they are inportant for
controlling the bal ance between proliferation and

differentiation.
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So we exam ned these in target tissues. in this case, it
was fetal head. The fetal palate | think would be better.
And we can do that now using real-time PCR, and focus these
data. But here we see that urethane reduces expression,
the expression ratio of BCL2 to P53 in the direction of

P53.

If we had to predict what that neans, we would say that's a
shift towards increased apoptosis. Wth inmmune
stimulation, Freund's conplete adjuvant, here you see this
is normalized. Relative to control with Interferon gamm,
it's actually a bit beyond control. So this is returning
gene expression in the fetus.

This is kind of a novel thing. It struck ne when we saw
that, that maternal inmmune manipulation is altering
expression of very critical cell cycle controlling genes in
the fetus. So we thought about the fetus for so long as a
genetically pre-progranmed entity that derives nutrition
fromthe maternal organism but other than that largely
directs its own devel opnent. And these data woul d suggest

that maternal influences m ght be nore than we've thought.
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And the immune systemin this case is exerting an irfluence
on gene expression in the fetus--protein, KNAC, al pha gene.
And the protein products of this gene can influence
expressi on of both BCL2 and P53. W evaluated that. And
you can see that urethane drove that expression |evel down.
And i nmune stimul ation with one of these, Interferon ganms,
increased it.

I"mnot going to overly specul ate, again, about what these
mean. But analyzing the data and choosi nhg gene ratios-in
this case, which way is the best to look at it--is
difficult, to say the least. | was happy at this stage we
only had five genes that we were considering.

W did do a form of cluster analysis, called "principal
conponent analysis.”™ It allowed us to give a coordinate
expression value to gene shifts with "N'; and the "N' in
this case being the nmother. And this would be summat ed
gene expression for a litter of animals.

And you see in the control w ndow here, each one of these
dots represents a coordi nate gene expression value for
these five genes for a litter-worth of animals. The

urethane is shifting this coordinate gene expression to the
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left and slightly up, in this graph of two principa
components fromthe principal conponent analysis.

This is available in a software package--it's on the Wb--
fromthe University of Pennsylvania. |'mseeing a little
bit more of this type of analysis, as we all fight with how
do we eval uate expression of nultiple genes sinmnultaneously.
Wth Freund' s conpl ete adjuvant injection, you'll see that
t he coordi nate gene expression--these yellow squares--is
shifted down, so it's normalized along this PC3 axis.

Wth Interferon-gamma injection, it's shifted further, so
it's beyond normal along PC3, and closer to normal al ong
PC1.

And basically, this is what we saw in the preceding slide,
the sanme information. So it's kind of a neat picture.

like the picture, again, which gives the nessage that

mat ernal i mune stinulation is changi ng gene expression in
the fetus, and is in part normalizing the change caused by
uret hane, which we're presunming is related to

t er at ogenesi s.

So we' ve been devel opi ng hypotheses as to what is

occurring, what underlying effects are responsible for
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i mmune protection against birth defects. One of our

hypot heses now is that immune stinulation is acting, at
least in part, to restore dysregul at ed apopt osi s.

The idea that many diverse |esions in devel opnent are
caused by a simlar underlying defect is not new. And
that's what we're pursuing here. | suppose a good exanple
of that are the chenmicals that cause the right forelinb
ectrodactyly. In other words, we're losing the |ateral-
nost digit, or two digits. This defect can be caused--a
very specific defect--by a nunber of pharmacokinetically
and dynanmically different chenmicals that all seemto effect
distal linb polarization.

Qur hypothesis is that imune stinulation is restoring a
dysregul ated apoptosis. And |I've tried to present sone of
the data fromthe literature that woul d support this

Cycl ophospham de we know produces crani of aci al defects.
These are associated with excessive apoptotic death in
heads of the fetal mice. And naternal imrune stinulation
wi Il reduce those defects.

Cycl ophosphani de al so produces distal |inb defects. These

have been associated, again, with increased apoptotic
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nucl ei. Sections were cut of these linbs, and we find that
mat ernal i mmune stinmul ati on reduces those apoptotic nuclei,
and al so reduces the distal |inb defects.

So what I'mtrying to do is collect enough data that it
beconmes conpel ling. Again, our gene expression data showed
that the teratogen caused a shift in the BCL2-to-P53 rati o,
that would | ead us to predict increased apoptosis is
involved in that defect. |Immune stinulation with either of
two stinulants shifted this ratio back towards BCL2, and
that's a shift we would predict would be in favor of
proliferation over apoptosis.

In this case we're seeing the sane thing--Wnder what that
check came from [It's interesting how conputers

comruni cate. W suggested a nunber of effector nolecul es
that may be involved. |I'mgoing to go by that, because
they are on other slides anyway.

Sorre nore information about potential nmediators: In this
case, TG--betas that are involved, the TG~beta-2 nmRNA and
TGF-beta-2 protein, found to be elevated in fetal nouse

heads after injection of cyclophospham de. | mrune
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stinmul ati on bl ocked both of these increases--this again is
a gene expression effect here -blocked these increases.

I nterestingly enough, increased TGF-beta in proliferating
fetal tissues is believed to act as a signal to cause

i ncreased cel |l ul ar apoptosis, by inducing P53 gene
expression. So it's again supportive of a basic argunent
of restoration of a dysregul ated apoptosis.

Cycl ophosphani de al so i ncreases TNF-al pha expression in
fetal heads. Maternal immune stimulation will reduce the
defects associated with that, and it also increases this
TNF- al pha mRNA, or the transcripts in the head and brain of
t he fetuses.

And interestingly enough, again, TN~ al pha acts as a signa
to increase apoptosis in a variety of fetal tissues. So
the fact that inmune stinulation reduces that suggests
again that we mght be overriding a dysregulating effect on
apoptosis by the teratogen.

My student working in diabetes was interested in placenta
in part because of the increase in placental weight caused
by Interferon-ganma. There are other reasons for this.

But eval uated, using an array, he developed in our |lab a

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-112 -



nunber of growth factors and cytoki nes he believed were
important in placenta; and eval uated placental function
usi ng these.

And very briefly, this line in the urethane-exposed ani mals
represents control |evel expression of these genes. These
are genes expressed at below control |evel; these at above
control I|evel

Wth the Interferon-gamm stinulation, you can see the gene
expression has increased for the vast nmajority of these
genes he evaluated. Wth Freund's conpl ete adjuvant, we
have nore clustering around the control |evel, nore
normal i zati on of that gene expression.

So again, he's affecting genes by this inmune stinulation-
this, of course, would be predicted--in placenta for genes
of this sort. And his theory was that this is related to
the reduction in birth defects.

He did a principal conponent analysis to give a coordinate
gene expression picture of this shift. And it was
interesting to nme how sinmilar this was to our fetal head
picture. Here's the control |evel coordinate gene

expression. Urethane caused quite a shift on two axes of
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this expression. Freund's conplete adjuvant nornmalized
that along one axis. |Interferon-gamm brought it to beyond
normal, and cl oser on the other axis; beyond nornmal on one,
closer on the other. Here are the inmune stinulants al one.
All of these treatnents affect gene expression

Is this related to the defect? | don't know, but it was
kind of interesting data. It was interesting to nme that
this profile here was so simlar to what we saw in fetal
heads of urethane-exposed animals. However, this is a

| arger panel of genes in placenta.

This student is also a veterinarian, so he's trained in

pat hol ogy and hi st opat hol ogy; and sectioned placenta and
evaluated the effects of the treatnents on pl acental

tissue. Here is the syntrophobl ast region, the placental

| abyrinth, this is a control animal, the cytotrophobl ast,

t hese are bl ood vessel s.

These aren't the clearest of slides, but | think you can
see consi derabl e damage to placental architecture through
here in the region of the syntrophoblast. W' ve got
fibrotic lesions through this portion of the slide. That's

wi th urethane exposure.
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And now note these |lesions. And as we go to the next slide
where the animals received an i mune stinulation prior to
the urethane injection, you'll see that they largely

di sappear.

And his argument to nme was: Think about that. We're

i mprovi ng the support structure for the fetus. |If you

i mprove the support structure, then gene expression is
going to be nore normal. Basically, everything you' ve seen
so far has to do with inproving the placenta

And that sounded nmaybe a nore reasonable argunent for the

underlying reason this imune protection against birth

defects works. It's very believable. But then

i medi ately you think, "Well, wait a second. Sonme of these
agents--" and again, | can go back to dioxin "--are not

pl acental toxic at levels we're using." There's no

pl acental toxicity of this sort associated with the 9-

m crogram per-kil ogram dose of dioxin we gave on day nine
of gestation. And beyond that, the lesion is well ascribed
to a selective effect on cells Iining the palate. So while
it is attractive for urethane, it's not attractive for

di oxi n.
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| think in the long run we're going to find that it's a
mul ti-factorial mechanism several different levels are

i nvolved. And certainly, inmproving the placenta would be
beneficial to fetal developrment. And in fact, the fetuses
were |larger in sonme cases with these i mmune stimnulations
than in the urethane-exposed animals. So that may be

i nvol ved.

And that's actually the level we're at in our lab right
now. So | amgoing to stop with that.

[ Appl ause. ]

DR. GRUBER: | think we can allow one or two questions.
What we're going to be doing is, we're going to change the
schedul e here. W' re going to have the presentation
following of Dr. Smalowicz in a nonent, and then we're
going to have lunch at twelve o' clock. And then after
lunch, at one o' clock, we're going to be starting the
roundt abl e di scussi ons.

But you had a question for Dr. Holladay?

PARTI CI PANT [In Audience]: Yes. Actually, they are two
very brief questions. One, can you please clarify the tine

sequence in which you gave the inmune stinulation with
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regard to the teratogen? And how nuch you probed that for
how much you could get away with del ayi ng the i mune
stimul ation?

And then secondly, one teratogen which is kind of

i nteresting because it affects i mune activation itself is
t hal i doni de, which bl ocks NFkappa-B. And | wondered if
you | ooked at that?

DR. HOLLADAY: Those are both very good questions. The

i mmune stinmulation timng is inportant. For instance, with
di abetes, if we stinulate after devel opnent of

hypergl ycem a, we can't block the defect. Stinulation has
to occur at a time of normal glycem a

Now, how early we can go is sonmewhat surprising, as well.
Typically and in the papers in the literature inmune
stinmulation was during gestation. But we found we can

i mmune stinulate these animals actually prior to breeding
them and we still get a significant reduction in birth
defects. So that again seens to be sonewhat in the

phenorenal range.
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The whol e research area | think is very intriguing. But
you can inmrune stinulate quite early, and still get
significant protection against birth defects in a nouse.
Now, the second question, which was al so a great one but
now has slipped ny nmind--Gve ne two words. What was that
second question?

PARTI Cl PANT [In Audi ence]: Thalidonide [inaudible].

DR. HOLLADAY: Thalidom de, okay. Well, we've not used
thalidomde. But it raises another interesting issue, in
that so many teratogens are also i nmunotoxic, and |'m an

i mmunot oxi cologist. And | hadn't really made this
connection before, but all of the teratogens we' ve worked
with here, the chenical teratogens, are al so i rmunot oxi c.
The dioxin is a wonderful exanple.

And it raises the question, if maternal inmmune stinulation
reduces teratogenesis, how about the flip side of that? |Is
mat ernal i nmmune suppression in itself an event that

i ncreases risk of teratogenesis? And thalidonide would fit
well into that picture. And | don't know the answer to

that. But to nme, it's becone an interesting question.
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DR. GRUBER: | would like to thank Dr. Holladay for his
interesting presentation. And | would like to introduce
the | ast speaker before lunch break, and that is Dr. Ralph
Smialowicz. He received his Ph.D. fromthe departnment of
m cr obi ol ogy and i mmunol ogy at the University of North
Carolina at Chapel Hill, School of Medicine.
He is with the U S. Environnental Protection Agency, at the
Research Triangle Park in North Carolina. And his adjunct
appoi ntments include the curriculumin toxicology, Schoo
of Public Health, at the University of North Carolina,
Chapel Hill; and the School of Veterinary Medicine, North
Carolina State University in Raleigh, North Carolina.
And | thank himfor being here today to discuss further
with us the area of devel opnental i nmunot oxicol ogy. Thank
you.
DEVELOPMENTAL | MVUNOTOXI COLOGY

PRESENTER: RALPH SM ALOW CZ, PH.D.,

U. S. ENVI RONMENTAL PROTECTI ON AGENCY
DR. SM ALOW CZ: Thank you, Marion
This is going to be quite a divergence fromthe di scussions

and presentations that have occurred thus far. The
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Envi ronnmental Protection Agency is not interested in
vaccines. It's interested in environnental chem cals that
humans are exposed to. And consequently, the work that we
do deals with that.
What | would like to do is to talk to you about
devel opnent al i nmunot oxi col ogy in a rodent species,
primarily in the rat, and sonme of the work that we have
done to denpnstrate the efficacy of doing this kind of
testing to identify devel opnental --
[ Tape Change. ]

DR. SMALONCZ: Now, let nme get all the
equi prent together here and start.
I want to congratulate Dr. Insel on his presentation of the
devel opment of the imune system He did it fromthe
standpoi nt of the human. |1'mgoing to do a quick | ook at
the devel opnent of the rodent--this is primrily nouse
wor k--and identify what we consider to be periods during
i mmune system devel opnent in the rodent that are critica
in regard to when dosing occurs.
If you ook at this, you can see that stemcell formation

is acritical period. Stemcell formation occurs early, at
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about the tine of circulation, onset of circulation, within
the rodent species. The splanchnopl eura, the AGM regi on
gives rise to the potent stemcells that feed to the |iver,
which in turn seed the thymus and the spleen, the thynus
earlier than the spleen. And then eventually, the bone
marrow takes over for the production of hematopoietic cells
in the rodent.

After birth, we know that in the rodent that the spleen
continues to provide B cells to the infant or the neonata
mouse and rat. And we al so know, based on the information
frommny different studies, that this first nonth of life
in the rodent really can be considered a very

i munodeficient period of tinme in the nouse.

As we go through the life of the animal, obviously, there
is the establishnment of imune nenory, which occurs up to
si x nmont hs; and then i munoconpetence; and then finally,

i Mrunosenescence.

These are sonme of the markers for B cell devel opnent in the
rodent species, the presentation of B cell precursors that
are found fromthe AGM period. And this is a tinme line

here. Basically, we get the hematopoietic stemcells
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getting into the different conpartnents for henmatopoiesis
at about day eight.

And then we look at surface markers that Dr. Insel talked
about earlier, and the devel opment of the B cells nowin
the liver.

And then finally, the spleen continues to be the source of
hemat opoi etic stemcells for the nouse. And basically,
that occurs after birth with four weeks of life, basically
comng to full maturity in the rodent.

This is the hematopoietic schene for the human. And |'m
not going to go through that, since it was covered earlier
| just want to indicate the big difference, as was

i ndi cated earlier by Dr. Insel, about the fact that the rat
and nouse, the rodent species, are nuch | ess devel oped at
birth than is the human for inmune systemresponses.

This is basically an old slide that denmonstrates the
contribution of 1gG which Dr. Insel covered earlier, in
the fetus, and then the loss of that, and then the
production of antibodies by the fetus during the first year

of life. So | won't go into that in any detail.
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This is T cell functional conparisons between nobuse and
rat, from Mosi er several years ago. This is the npuse at
birth, and this is the human at birth. They are responses
that are detectable in the nouse at birth, PHA stinulated
responses and the m xed gl ucocyte response, at this early
age.

However, ConA and the cytotoxic T-1ynphocyte response don't
occur until nmuch later in the life of the npuse. However ,
for both of these types of responses the human is capable
of doing that at the time of birth, or earlier.

This is kind of a conparison of several different

mat urati onal | andmarks, if you would, between the human and
the nouse. And this is based on decimal portion of the
respective gestational period. W give the human as a 40
week gestation period, and the nopuse about 20 days. And
what you can see fromthese different |andnmarks,

mat urational |andmarks, is that the nouse is much slower in
denmonstrating these during its gestational period.

There was a question earlier about functional NK cells.

And | have a reference to this particular decinmal, the

activity of natural killer cells in humans that occurs at
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about a third of the way through gestation of the human

And that was worked by an Italian. | believe it was
Santoni [ph]. But if that individual is interested, |
could get that reference to them

So what we have here in the rat and in the nouse is what we
woul d consi der the vul nerabl e periods of i mmne

devel opnent, or potentially vul nerable periods of immune
devel opnment: The hemat opoi etic portion, which is about day
seven through nine; stemcell nigration, progenitor cel
expansi on, day nine through 16; bone marrow and thynus

col oni zati on, which occurs fromgestation 13 through birth;
and then the maturation to i nmunoconpetence, and an

establi shnent of imune nmenory, frombirth to 30 days, and
then 30 to 60 days, consecutively.

And what we have done is try to expose animals during this
section of the devel opnent of the rat, as well as through
the entire, or nost of, this period of gestation. W
haven't done any work during the initiation of
hemat opoi esis. Basically, all the work that 1'll show you,
at least fromny lab, is fromgestation day nine up to

about 42 days of age in the rat.
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When we do i mmunotoxicity testing, we have a paradi gmthat
we enploy to look at different aspects of immne function.
And this is a litany of the types of tests that will apply:
Spl een and thynus weights, cellularity, body weights. Ex
vivo types of tests include the splenic natural killer cel
activity; assays of splenic |ynphoprolipherate responses to
mtogens; in the rat, salnonella type for nurine. Antigen
is an LPS, like in the nouse, but it doesn't respond as
wel | as the nouse does to LPS induced responses.

The nmi xed | eukocyte reaction: Here we have a probl em again
with the rat versus the nouse, in that the spleen cell for
sone reason has what we call "suppressor type cells" that
don't give rise to a very good or robust m xed | eukocyte
reaction. And so we use |ynph node cells in the rat nodel
for that particul ar assay.

We use flow cytonetric analysis. Depending on what in vivo
and/or ex vivo type test that we do, we'll look at spleen

t hynus, and/or |ynph nodes.

We | ook at cytokine profiles, to try to see if there are
any changes in the profiles. W' ve used the ribonucl ease

protection assay, which is one where you have severa
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di fferent cytokines that are expressed or can be identified
on gels. And we purchase those for the rats. Sonme of that
is strictly TH1, versus TH2 type cytokine profiles.

In vivo tests, which really are turning out to be the nost
sensitive tests to determine if a chenmical is a

devel opnent al i mmunot oxi cant--and actual ly, an

i mrunot oxi cant per se: The primary and secondary anti body
response to sheep erythrocytes. You can do that with a
platform ng cell assay or the ELI SA assay. And we've also
used KLH.

Del ayed-type hypersensitivity response: W' ve used bovine
serum al bumi n, and KLH, using the foot pad swelling test.
And you can al so use those aninmals to neasure

i mmunogl obulin responses to that antigen

We' ve used the contact hypersensitivity response to DNFB

di ni trofl uorobenzene [ph]; | ooked at penis swelling, ear
swelling tests in the rat. And have al so used host-

resi stance nodels; one including the T.spiralis infectivity
nodel .

So let ne just give you--Ckay, this is atime line for

i mmune responses to sheep red blood cells, that was
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published in 1985 by Kinura et al, denobnstrating when you
could really start to pick up inmune function in these
animal s as neasured by the platformng cell assay, with
sheep red blood cells as an antigen

And as you can see, you can get denonstrable effects and
responses here at as early as 20 days postnatal. The peak
response occurs at postnatal day five--45 here.

This also is the sane type of pattern that you see with the
T-i ndependent antigens, T-independent-1 and T-independent-2
type antigens, the TNF, LPS types.

So you can neasure in the rat at about weaning an i nmune
response to these different types of antigens. |[If you go
down any earlier than that, you' re going to have a | ot of
troubl e pi cki ng up anyt hi ng.

These are the chem cals that we've | ooked at: di-N-
octyltin dichloride, and tributyltin oxide. Di-Noctyltin
is used as a stabilizer in the production of

pol yvi nyl chl oride materials. Tributyltin oxide is a

mul | uscoci de and a fungicide, and is used in a | ot of

pai nts and especially as an anti-foulant on ships and

boat s.
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Good ol d TCDD, one of the npbst studied of al

i munot oxi cant s.

Met hoxychl or, which is a pesticide -one of only four
organochl orine pesticides that is allowable in the United
States, based on EPA's, basically, elinination of many
organochl ori ne type pesticides.

And then, heptachlor, which is another organochl ori ne,

whi ch has been banned for about 25 years now.

So we have | ooked at these five different chem cals, and
tried to determine: Could we find an effect on the

devel opment of the imune systen? |If we find an effect in
the i mmuune system is it a doserelated response that we
see when we | ook at the immune functional end points?

We also are interested in knowing if this exposure during
t he devel opnent of the immne systemis nore severe than if
one were to do the sane dosing reginmen in an adult ani mal
to determne if there is a difference in the sensitivity

t here.

Anot her consideration here is the pharnmacodynani cs,

particularly metabolismof the chemcal and its
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distribution. And I'll give you exanples of that as we go
t hrough these sli des.

The first group of studies we did were organotins.
Basically, what we did, originally we | ooked at the
prenatal exposure, and found that there were no effects
what soever on the i nmune system of these rats.

We then decided to go and | ook at the newborn ani mal,
starting on gestation day three, through 24; dosing those
animal s over a period of tinme, for a total of ten doses,
with either the di-N-octyltin dichloride or TBTO.

| want to point out here that there is discussion about
dosi ng or exposure of vaccines to aninmals. You can gavage
a three-day-old rat. You have to be good at it, but you
can do it.

In any event, then we [ ooked at this time line, |ooked at
the variety of immune function assays, and |I'll show you
those right now. This is four weeks, actually, four weeks
of age. And this is just basically four days after the

| ast exposure of these pups to the chemical. This is DOTC
You see that we get dose-rel ated suppression of all the

m t ogen-stinmul ated responses, the T cell nmtogen responses
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and the B cell mitogen response. So this is just four days
after the | ast exposure.

We still see this suppression up to seven weeks. GCkay? So
now we're tal king three weeks post |ast exposure. So these
animals still have a suppressed response, as neasured by
the mitogen responses here.

After that, we checked them again at ten weeks, and they
had returned to normal. So this is not a persistent
suppression, but it's a sonewhat |ong-1lived suppression, at
| east for these functional end points.

Wth TBTO, we found effects on the NK cell activity. Here
we used two different targets: the yak [ph], which is used
primarily--1t's a mouse | ynphoma; and the WFU, which is a
rat | ynphoma. And basically found effects at four weeks,
which is three days after the | ast exposure. However,
subsequent to this, there are no effects on the NK
activity.

These are the mitogen responses. And we also included a

m xed | eukocyte reaction here. This is three days--four
days after the | ast exposure. Basically, another dose

dependent type of response and suppression of nitogen
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response and the mi xed | eukocyte response. W went up to
ten weeks, and we still saw suppression here; only at the
hi gh dose, however. And again, this is a bit nore | ong-
lived an effect than with the di-Noctyltin dichloride.

So just as a summary--1'mnot going to go through this, but
| just want to point out that we did expose adult animals.
These are all done in male animals, by the vay. W did do
the same dosing reginen with the adult nmales, and did the
different tests, and found no effects whatsoever at any of
the doses that we used. So obviously, the devel oping

i mune system of the rat, exposed to either of these two

organic tints, caused "i munosuppression.”

The next group of slides that I'lIl show you are TCDD.
We're | ooking at a single exposure to TCDD, or dioxin, on
gestation day 14, and how that affects the i mune system
TCDD i s a known i munotoxicant, as | said. There's alot
of work that's been done with it--and actually, work prior
to what we did here--by Vos and Faith and Jack Moore, that
demponstrated that this is a devel opnental i munotoxicant.

And we decided to look at it a little bit nore closely. So

basically, we |l ook at--This is a tinme line, basically. W
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dosed the animals, the pregnant animals, on gestation day
14. This is by gavage.

We | ooked at phenotype. We know that there are changes in
T cell populations, a block between the doubl e-positive
CD4/ CD8 to the--doubl e-negative to the doubl e-positive
CD4/CD8 in these ani mals.

And then we | ooked at a host of different immune function
assays. And what we found was that the DTH response was
one which caused effects up to 19 nonths of age. And |et
me just show you those data.

Okay, what we did, this is a cross-fostering study, talking
about dynam cs, pharnmacokinetics, and netabolism and that
sort of thing; although this is not a nmetabolized chem cal
Wth the control we have no effect. This is a dose of one
m crogram per-kil ogram on gestation 14. Placental: There
is placental transport, but we don't have a change in the
response. Lactational exposure only: W know that TCDD is
found in the nmother's mlk. No effect. But when we | ook
at the placental and | actational, we get a suppression

This is animals that we did dose response here, |ooking at

how | ow could we go to see an effect on the devel opi ng
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i mmune system This is the DTH response, |'msorry. The
previous slide is the sane.

Basically, the DTH response was the npbst sensitive
response, and so we focused on this. Basically, what
happens is that at four age you see a doserel ated
decrease, but it's not significant. However, when you get
out to 14 nonths--1'"msorry, 14 nonths of age--we had
across-the-board suppression of the DTH response. W al so
| ooked at a higher dose, 3 nicrogramper-kilogram And
this is the data that goes out to 19 nonths of age.

More recently, we've |ooked at the effect that TCDD gi ven
on gestation 14 has on the DNFB ear swelling response in
the rat. And as you can see, at two nonths old, there is
an effect, at 3 m crograns-per-kilogram and again, at
four, an effect.

The interesting thing, we did this with both BSA -The data
I just showed you was with the BSA adjuvant. The other
antigen that we use is KLH  And we found the sanme kind of
effects with the KLH-sensitized aninals.

This is data from Fan et al, 1996, in which they | ooked at

the suppression of the DTH response to KLH in animals
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exposed to TCDD. It took a dose of 90 m crograns- per -

kil ogram to cause a decrease in that particular response.
So we're tal king about at |east over a tenfold difference -
a hundredfold difference--in the dosi ng where we're going
to find an effect in a developing aninml, versus an adult
animal, using TCDD as the toxicant and the del ayed-type
hypersensitivity as a netric.

Okay. This is just a sunmary of this; again, highlight the
work by Fan. And here is a conputer here. This is the KLH
adult study where the DTH took 90 mi crogramns per-Kkil ogram
to suppress the response.

All right. This is a schematic of a group of studies that
we did with the National Institute of Environmental Health
Sciences primarily, orchestrated by Bob Chapin [ph], a
devel opnent al teratol ogist.

In the early '90s, the National Research Council, under the
auspi ces of the National Acadeny of Sciences, wote a
docunent--and the title of that docunent was "Pesticides in
the Diets of Infants and Children"--because of the concern
for children being potentially nore susceptible to exposure

to different types of pesticides.
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And so what we did was, we devel oped a dosing schene and
testing schene, that is illustrated here. | knowit's real
busy, because it has not only the i nmunotox, which is here,
but al so the devel opnental tox, and repro-tox and neuro-
tox. But let nme just focus on this part here for the

i mrunot ox.

Basically, we did the dosing starting around gestation day
14, and in sonme cases on gestation day 12; dosed the dans;
continued to dose the damfor the first week, so that the
pups were exposed via lactation. And then after that, we
directly dosed the kids. And the reason why we dosed the
ki ds, because this would be closer to what would be
happeni ng i n young chil dren.

And they're still getting it fromthe dans. The dans are
no | onger dosed, but they still have some of this whatever
pesticide in the mlk, if it is in the mlk. And then, we
stopped at six weeks of age; we wait two weeks; and then we
| ook to see what happens.

We did five different pesticides. W did carbaryl: Found
no effect there. W did tebuconosol [ph], which is a

fungicide: No effect there. W did chlorporophoz [ph]
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[inaudible]: No effect there. However, we did effects in
met hoxychl or and in heptachlor, and let ne just show you

t hose data.

These are ni ne-week-old mal e pups that were assayed for
their response to sheep red blood cells. And you can see
that there was a dose-rel ated decrease in the anti body
response to sheep red blood cells at the very | owest dose
and the m d dose here.

We didn't have any other animals that we could use to | ook
further into other imune function end points,
unfortunately. So that had to wait for the work with

hept achl or.

Now, the heptachlor work is interesting in that heptachl or
is no longer used as a pesticide. |It's banned in the
United States. However, there was an incident in Hawaii in
the late '70s and early '80s where heptachl or was used to
control mealy bug on the pineapple plants. And as is the
case in a lot of agricultural endeavors, the pineapple

pl antation owners were interested in using every part of

t hat pi neappl e plant.
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Consequently, what they did was they took the | eaves from
the pineapple and basically shredded them up, and added it
to what they call "green chop," which was fed to dairy cows
in Gahu. It was only in OGahu. And what happened was that
the cows' milk was contanminated with heptachl or, obviously.
The doses that we chose here were based on a | ow dose of 30
nm crograns heptachl or per kil ogram per day, in dosing these
animals. The reason being that that dosage was within the
95th percentile of the ampbunt of heptachl or epoxi de--which
is the major netabolite of heptachlor--that 95th percentile
of what was found in nothers' milk on Gahu. So these data
are relevant, fromthat standpoint, in this heptachl or
fiasco, if you woul d.

This is just sonme pharmacokinetic netabolisminformtion.
Basically, the blood, thynus, and spleen had about pretty
much the sane levels. Obviously, the fat had a | ot nore,
because this is a lipophilic, organochl ori ne conmpound so
you have a lot in the fat. And because it's in the fat
it's of concern because if these aninals were not exposed
post-natally, as the pups were being breast fed they would

continue to be getting that heptachl or epoxide.
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What we found here, this is the antibody response to sheep
red blood cells in eight-week-old mce. This is tw weeks
after the | ast exposure, and we see a nice dose dependent
decrease at all doses that we exami ned.

And then, 26 weeks later, now we're tal king about basically
20 weeks after the fact. The 1gG response: The sane

anti gen was reduced, as one m ght expect; but not
necessarily expect it to be as "persistent” as it
apparently was.

We al so | ooked at the DNFB response. And | must nention,
for all of these--for the TCDD work and for this work with
the pesticides--we | ooked at both males and fermales. It's
an inportant consideration, given that what we're finding
is that nmales seemto be nore susceptible than femal es.
Why, | don't know.

But basically, this denonstrates the suppression of the
DNFB response, ear pinna swelling, in the nales that were
exposed to the | owest dose, to the highest dose.

Again, this is just a sunmary of what | just showed you.
But | want to point out that we | ooked at the dans. Now

these are the fenmmles, so they're not going to be as
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sensitive as the males. But we |ooked at these fenales,
and we saw no effects after weaning.

What we're doing nowis we're trying to dissect the

devel opnent al sequence, those periods of devel opnenta
susceptibility; dosing the aninals during those periods to
find out if there is in fact one or two, or naybe many,
critical periods of developnment that would be affected by
exposure to this particular pesticide.

Now | want to tal k about sonething that FDA is interested
in, and that's drugs. It has nothing to do with vacci nes.
But this is work fromthree different |aboratories.

The first one is diazepam Work by Schlunpf et al; did a
ot of work with this; used the rat. And in their studies
they used both males and females; no real distinction

bet ween mal es versus fenmnl es.

But nonet hel ess, a subcutaneous injection on gestation day
14 or 20--of the dam obviously--at 1.25 mlligranms

di azepam per kilogram They denonstrated decrease in T
cell responses, ConA, and nixed | eukocyte reaction;
decrease in the plaque formng cell assay to sheep red

bl ood cells at eight weeks; alterations in the ability of
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spl een cells, macrophages, and thynocytes to produce
different types of cytokines--the TNF-al pha, IL1, IL2, 6
And this is in four- to six-week-old animals.

And finally, kind of the real acid test for an

i munosuppressant i s what happens when you challenge it
with an infectious agent. And they found suppression of
the T.spiralis infection in eight-week-old ani nals.

| apol ogi ze for all these computers and signs | don't
recogni ze. Must be a different version of Power Point, of
sonet hi ng.

Dexanet hasone: A steroid. Bakker did a ot of work with
this. He has several papers, but this paper in 2000 from
the JI indicates that there are increased signs of guinea
pi g nyel oi d- based protein/conplete Freund' s adj uvant

i nduced neurol ogical tail tonus and paralysis and hind
linbs of these animals. So it's somewhat of an autoi mmune
type reaction that was denmpnstrated with the dexanet hasone.
Al so, there were changes: Down regulation of certain types
of cytokines, LPS-stimnulated cells and ConA-stimnul ated
cells; decreases in a variety of different cytokines. And

al so, an increase in spleen production of TNF--and |
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believe this is gamma, Interferon-ganma, and IL2, at nine
weeks ol d.

So what you have here is kind of a m xed bag of both: an
aut oi mmune type exacerbation of a response to the protein,
and sone indications for immunosuppression as well.
Acyclovir work, from Stahl mann's lab, using 10 mlligrans
per kilogram and this is gestation day ten; subcutaneous
i njection, either once or three tinmes. And basically,
changes in body weight, so there's sonme toxicity, overt
toxicity obviously, associated with this exposure; but
decreases in thymus weight in nales and in females.

Again, the test with the T.spiralis, trichnospiralis [ph],
| ooking at decrease in the infection, protection against
this particular parasite, as well as decreases in the

anti body response to that parasite.

Now, finally I come to the human situation. And these are
epi studi es that deal primarily wi th organochl orine

chem cal s.

In Canada, Dewally did work with Inuit Indians in Quebec

Provi nce. These are subsi stence hunters and fishers, and
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they are eating wildlife and fish that are highly

contam nated, with a variety of PCBs in particul ar

And so what they did was they | ooked at possi bl e problens
in the young children born to the nothers of this
particular group--this tribe, | guess you would call it.
And what they did was, they were able to associate |evels
of DDE, hexachl orobenzene, dieldrin, as neasured by the
amount of these different chemcals in breast m |k, and
associate that with an increased risk in otitis nedia.

And then also, they found that that also included the
hexachl or obenzene and dieldrin. And this is in oneyear-
old Inuit newborns. And the population that they studied
was 171. So what that says is that these particul ar
children are suffering fromotitis media nore so than
children that are not--based on the |evels of these
different chemicals in the nothers' mlk.

PCBs and TCDDs work was done by Wi sgl as- Kuperus. This is
from The Netherlands, work from The Netherlands. This is a
cohort that's been studied for nmany years now. In the |ast
iteration--1t's not really the last, but in 2000--it was

publ i shed.
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Mat ernal cord bl ood and plasma and m |k, served to the
surrogate for the pre- and post-natal exposure to these
organochl ori ne chem cals. They found an association with
exposure to both of these types of chenmicals, with a
decreased anti body response to nunps and neasl es; again, an
increase in otitis media and chicken pox; and then a
decreased preval ence of allergy in 42-nmonth-old ani mals--
children, sorry, 42-nonth-old children.

Thi s change, this decreased preval ence of allergy, may have
sonething to do with a TH2/ THL shift. They haven't

exam ned that, but that may be what's underlying this
decrease in allergy.

Finally, work by Karmaus--and this is from Germany--I| ooki ng
again at PCBs, DDEs, and hexachl or obenzene: They're

| ooki ng at whol e blood | evels of these chenmicals in the
children that were exam ned. And the children were eight-
year-old children, 340.

And agai n, what we see is another predilection to increased
risk of otitis media. |In this case, unlike for the TCDD
PCB work, asthma increased, as opposed to decreased

preval ence of asthma or allergic type responses. But there
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was an increase in IgE. And that's in the seven- to eight-
year-old children.

So what we have here are sonme exanpl es of what can be
associated with some of the effects that we see in the

ani mal s during the devel opment of the i mmune system

So what 1'd like to do, to just summarize here: W've used
the rat as a nodel, because the rat is the nodel primarily
for toxicity testing. | think it's a sensitive species,
rodent species, for identifying devel opnenta

i mrunot oxi cants followi ng either pre and/or postnatal
exposure.

The i mmune function that we | ooked at--innate and specific-
-can be successfully assessed from pre-puberty throughout
life.

Alterations initiated during i nmune system devel opnent in
the rat may occur at | ower chem cal doses than those
required in the adult.

Wth certain chem cals--and here we're talking pretty nuch
about the organochl orines and diazepam-it appears that

mal es are nore profoundly affected, which may be linked to

perturbations in the endocrine-i mune network
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Sel ection of the immne devel opnental periods for chenica
exposure if possible should be based on the

phar macoki netics of the chemical; as | showed with the
trans-pl acental and | actational exposure to TCDD, versus
what happened with the organochl orines where it's not
passed either via the placenta nor the mlk of the damto

t he pups.

And from our standpoint, | think it's inportant--These are
all screening now, this is not trying to get to the bottom
line of howis this all happening. But for screening
purposes, | would recomend that dosing enconmpass the in
utero period, lactational, and pre pubertal peri ods of
devel opnent; basically, |oading the deck, if you would, to
try to identify potential inmunotoxicants, fromthe

st andpoi nt of environnmental chem cals.

Thank you.

[ Appl ause. ]

DR. SM ALOWN CZ: Any questions? Okay. Nobody is coming up
for questions, so | guess we're going to go eat.
Everybody's hungry, | guess.

[ Pause. ]
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DR. SM ALOW CZ: kay. Thank you.
[ Wher eupon, the workshop recessed for lunch, to reconvene

at 1:15 p.m, that same day.
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AFTERNOON SESSION
DR. SERABI AN: There's going to be sort of a

nodi fication in the afternoon schedule as we have it.
Basi cal |y, what shoul d have been this nmorning we're going
to start with this afternoon, which is topic one, "Study
Design." Dr. Mldred Christian is going to give a short
presentation. Then we're going to have a question-and-
answer session sinilar to yesterday.
Then we'll go into topic four--because we feel that with
those two topics, there's nore of an overlap with those two
than with the others--which is "Animl Mdels." And Dr
Barrow wi Il again give a small presentation. Then we'll
follow that with sone question-and-answer session
And then, approximately around three, we will end; we'l
have a short break. And then we'll start after that with
topics two and three; because again, those two,
i mmunol ogi cal and devel opnmental endpoints, pretty nuch -
There's a bit of overlap there, also. So we thought that

was the best way to organize it. Ckay.
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And let nme introduce nyself. That mght help. M nane is
Mercedes Serabian. Right now!| amwth the Ofice of

Cel lul ar Tissue and Gene Therapies, in Center for

Bi ol ogi cs.

I just want to reiterate what Marion had stressed this
norni ng. The questions that she put up briefly in her talk
we're going to put up also during these sessions. And the
guestions do have a bit of overlap, but that's | think

i mportant, because it just shows that basically all the

i ssues and topics that we have have quite a bit of overlap
and need to be eval uated.

One big thing, though, is that even when they do overlap
we're going to try to keep the session noving and the
topi cs noving as nuch as we can, just to keep the afternoon
nmovi ng al ong.

I just want to stress that, again, the ultinmte goal of
today's session is to present the guidance docunent, as was
done, and the questions that both we and industry have had
at this point; and to try to cone to sone type of consensus
as to the questions and the revisions that we think need to

be made to this docunent. And | think that's really
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crucial. And it is crucial for you all, as you are the
manuf acturers as well as the conpanies that test these
agents. COkay.

Let me introduce the first speaker, then, which is Dr.
MIldred Christian. Dr. Christian obtained her Ph.D. from
Thomas Jefferson University, in devel opnental anatony, and
has been active in regulatory toxicology for nore than 35
years.

After 14 years as a teratol ogist/toxicologist with MNei

[ ph] Labs, which is a J& subsidiary, she founded Argus
Research Labs in 1979, Argus International in 1980, and the
Center for Photobiology at Argus in 1989; at each of which
she served as chairman and president.

She nerged two of these organizations with TSI Corporation
in 1991, beconing vice president of the TSI in vivo testing
group of five CROs. Beginningwth Genzyne [ ph]
Transgeni cs' acquisition of TSI in 1996, she has served as
executive director of science and conpliance for GIC s
Primedica [ph] Corporation, after the purchase of Prinedica

by Charles River, until Novenber 2002.
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In this position she was responsible for scientific
integrity and regul atory conpliance for the CRL- DDS
| aboratories, coordinating the product managenent across
the Iabs, and for review ng protocols and reports generated
by Argus Research.
M I dred has been personally involved inthe evaluation and
subm ssi on of over 1,200 devel opnental, reproductive, and
general tox evaluations, interacting with nore than 350
pharmaceuti cal, chem cal, and consortium organi zati ons
supporting these activities.
She has al so devel oped nore than 1,000 position papers for
cheni cal and pharnaceutical conpanies, the FDA, the EPA,
the Ofice of Technol ogy Assessnent, and the OECD.
She has al so been involved in the I CH repro-tox gui dance
docunents, the "red book" docunent, and many, nmany ot her
numer ous documents that | don't have tine to present at
this point.
Dr. Christian
[ Appl ause. ]

STUDY DESI GN

PRESENTER: M LDRED CHRI STI AN, PH. D
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EXEC. DI R, RESEARCH, ARGUS RESEARCH LABS
DR. CHRI STI AN: I will nmake a statenent that sounds |ike
I"'mwi th the government now. These are ny own opinions
that will be presented, and not those of anyone else. The
designs that will be described are those which we used in
studi es over the years, and they represent to sonme extent
t he devel opment of the procedures in testingfor these
types of conpounds.
The basics are that when one does these types of studies,
as mentioned yesterday, they of course are performed in
conformance with GLPs. That's basic.
Then we're supposed to have them do the route and frequency
of admi nistration that is mmcking clinical use.
Sonetinmes, very difficult.
Consi der the pharmacokinetics: Well, that's perhaps
relevant to the adjuvant, as we heard yesterday, but not
necessarily to the active portion of the conpound; the
phar macodynam cs, though, certainly, of these vaccines.
Bi coavailability--this is sonmething inportant; the vol ume

that can be adm nistered. And then, identify dose-response
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rel ationships, sonething we've heard may not be too

i mportant, or even relevant, with these types of conpounds.
The reason | say that--and these are the considerations as
conmpared with the basics--is that we're going to | ook at
only one species--theoretically, the rel evant species--
which we did a great deal of discussion about, and will do
sone nore later, as to what is rel evant.

Clinical use: The clinical use is really that we are, at

| east in theory, addressing the inmune response; which is
quite different fromthe classic devel opnental toxicity
study in which one woul d address the response to a drug or
to a chemni cal

And then, we are also |looking at the potential toxicity of
at | east two conponents; one being the vaccine itself, and
the other, the response to the vaccine with an adjuvant,
and possibly of the adjuvant al one.

When we were devel oping the ICH guidelines, this is what we
came up with. Now, these are the segnents. And when you
see reference to the I CH guidelines for reproduction and
devel oprment, what is inmportant--and one of the reasons

there's sonme confusing nomencl ature perhaps used--is that

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-152 -



reproduction is the whole cycle. And it starts with
reproduction, conception, and you go all the way through,
and end up with maturity, the next generation, and
sonetines go into senescence. And what we said for the ICH
gui del i ne was that we were to look at each segnent.

Now, what is come up with for these types of testing was
when the initial thought--And this was really sonething
that Joy Cabanero [ph] and | worked with many, many years
ago. The initial thought was--because no testing at that
time of repro-tox--Wuld there be any effect of the inmune
response on devel opnment? And woul d that possibly cause the
nost expected changes in the endpoints: abortion, death of
the conceptus, malformation, reduced fetal body weight?

So we were at that time thinking strictly in terns of the
type of devel opnental toxicity that is usually evaluated in
a devel opnental toxicity study, which ends at Gsection

Do you address function? No, because you don't | ook
They're dead. Do you address inmune response? That wasn't
normal |y done. But renenber, what we usually did was we
had to dose every single day of gestation, because every

day is a noving target in the devel opi ng concept us.
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And so the normal devel opnental toxicity study starts about
i mpl ant ati on; goes through enbryogenesis, with exposure
there, and that being the period nost likely to result in
mal formation. After palate closure, during the feta
period, that's the period of growh. And generally, these
two "C' and "D' sections, as you heard earlier, are the
intervals that one is concerned about in a devel opnenta
toxicity study.

However, you've also heard that we should do boosters; we
should do it at the tinme of peak response. And that
results actually in having a study that starts pre-
conception. And so we do do sone evaluation of fertility
already in the design, if we do the booster shots.

And to | ook through to weaning has been suggested, and that
woul d certainly be sone postnatal eval uation; although not
necessarily, as I'll show you, sufficiently long to see if
we had immune effects out late in life.

This is just a summary of sone rather |arge points, to show
that the human and the nopuse, at |east, are not the sane.
And we' ve gone over that several times. But | think what

is inportant here is, if we are attenpting to maxi m ze
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response in the rodent species, it's really in the fetal
and postnatal period; and it's in the first and second
trinmester in humans.

And this is a repeat of that showing in a nouse or a rat,
with the maturation with immunoconpetence going on one
year; 30 days postnatal. |mrune nmenory, going up to 18
years in humans; nouse or rat, 30 to 60 days postnatal. So
we have different tinme points when the targeted tissues

ni ght be sensitive.

Now, what is the response of species, and when is the

mexi mum response? |f we [ ook and take the concept that the
maxi mum i mrune response should be present during the nost
sensitive period of gestation, classically that's usually
considered the first trinmester for norphol ogi ¢ changes; and
need to initiate treatment before if we need a booster

But we al so have to renenber we're going to give severa
injections. And ideally, we'll have to have information
obt ai ned about when we need to give those injections from
at | east non-pregnhant animals, so that we can conpare them

with pregnant aninmals and see if pregnancy itself is
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somet hi ng we need to be concerned about. That is generally
not done.

Now, we all know certainly there are several conponents for
vacci nes. W should know the general toxicity of each of
the conponents. And for the adjuvant, | think at the very
| east there should be an armin the devel opnental tox
study, if it is a new or unusual adjuvant. 1'll show you
what | mean by that, and why.

We have heard that the npst commopn dose tested is one tines
the human dose. And in the studies which I'm going to show
you, they were generally done for NIDA. And there was a
series of themthat were done based on when the nmaxi mum

i mmune response woul d be reached.

There are also sone that are proprietary conmpounds, and
they were simlarly either studied ahead of tine, to find
out when the maxi num response woul d be present, or dosed
sequentially with different sets of aninmals, so that that
coul d be eval uated post-testing. And then one could | ook
at when the maxi mum i nmmune response was present, and

i dentify which group was considered the nost rel evant for

testing and eval uati on.
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It has to be remenbered that sonetines the doses are
limted by local toxicity. And that's very inportant in
devel opnental toxicity because of the secondary effects of
local toxicity. W knowthat if we were doing a dermm
study and we caused remarkable irritation to the dam there
are certain things we woul d expect to happen. W'd have
stress reactions that would result in secondary effects in
the fetuses. Most likely, we would see such things as
extra ribs; we mght see sonme reduction of fetal body

wei ght; we m ght expect to see sonme increase in resorption.
We al so know that if we're dosing before inplantation and
we have stress reactions and a boostered i nmmune response,
we may get a |lower incidence of inplantation. And for that
reason, when we're doing artificial insenmnation in
rabbits, or natural mating, with prior treatnment, we add
nmore animals to the study, sinply to ensure that we have
sufficient nunbers that beconme pregnant for eval uation.
Often, nore than one dose in the series of studies |I'm
going to show you that we performed; but seldomis there
even an attenpt to show a classic dose response. And

that's appropriate.
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How many doses are generally tested? That's certainly on a
case- by-case basis. And it would be dependent not only on
the onset of the response, but also on howlong it |asts,

t he pharmacodynani cs of the conpound.

And then, of course, the effect of boosters. \hether it

i ncreases the response, maintains it, or whether it's going
up and down during that whole interval, is inportant.

Now, the devel opmental tox endpoints to look at, | would
think, certainly would be, at a mninum the classic ones,
but would go through birth. Wy? Because the inmune
system if that is one of the target organs, isn't going to
be even partially devel oped to an appropriate extent until
postnatal ly.

This is just ny own inpression: Unless there is a
particular need, I would not add in crown-runmp | ength
because it's a very insensitive paraneter, in that it's

hi ghly variable, particularly in rabbit species. It's a
little bit better in small rodents.

Organ weights: | put in | don't know that they woul d be
necessary. They are highly variable when there is a

sel ected nunber--and that nunber, if there's only one or
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two per litter that are taken. And of course, because it
is a devel opnental tox study, the litter would be the
representative unit.

And we found in our |aboratory, unless we have at |east
three on average on the basis per litter for nmales and
femal es, that the organ weights are not truly
representative of the litters, and that statistica

anal yses are often nisleading, both as fal se negati ves and
false positives. So | would recommend, if we're doing
organ weights, to do at |least three per sex per litter.
Anti body |l evels can be | ooked at for the nother, for the
fetuses, and should be | ooked at for the pups. And this
woul d answer the relative questions about: |Is it present,
and does it persist? | don't think doing the whole
kinetics as an initial screen, in the absence of other
effects, would be appropriate.

One thing that nust be considered is not only the inmune
response, but is the potential for antibody transfer
present? And that is dependent on the placenta. Exposure

in the conceptus may not be the sane as it is in humans.
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And for that reason, we chose, when we were initially
putting sonme of the study designs together, to use rabbits.
Because placental transfer in the rabbit occurs, antibodies
do cross, and it's much nore simlar to what happens in the
human placenta than certainly the rodent. O we've been
asked sonmetinmes to even do cani ne studies. And you nust
remenber that certainly even a pig, it doesn't cross at
all. And you'll be hearing nore about species differences
| at er.

Tim ng differences: Theoretically, we're to use the
species--and this would be for any devel opnental tox study-
-the species with the best response, and with placenta
passage, and with the inmne system nost |i ke humans.

And Paul will be talking a little bit later, but 1'd just
like to show you here. W do guinea pig occasionally,
because of the longer tinme in utero and the conparable
devel opment of the CNS in the i nmune systemto humans; not
conpl etely conparable, but both guinea pig and pig, closer.
Rabbit: Quite a bit postnatal. But it has two of the
things: it nounts a good i nmune response, and you have

pl acent al passage.
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Mouse: Maybe not. Most of the i munotox information
there, but not quite as good a nodel.

We've done ferrets. One had a canine. Only responsive
speci es.

Non- human primate: Perhaps. Very good, but very
expensive, and limted in nunbers; so not always the best
nodel .

This is a summary of the study designs |'mgoing to show
you. You'll notice that they were done either when their
mexi mum r esponse was present, or they were given at various
ti mes during gestation.

In all cases, they checked for placental passage. The rat
was usually intramuscular. One test group generally at one
times the human dose. \henever there was a new or unusual
adjuvant, it was tested as a separate arm Mst included
shots that brought up injections preemting. And this

gi ves us sone indication of potential effects on the female
fertility.

Sone of them were followed postnatally. And the
observations that were nade there were generally for

viability; growh; nursing activity, which in the rabbit is
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a very good neasure of whether it has normal behavia or
not. One has to renenber, there is a certain number of
rabbit nmothers that don't |ike their babies, so you need
sone background as to what is the nornal incidence of pup
loss. And antibodies were | ooked at, both in the does and
t he pups.

When you're on nmaternal effects, sonething that should be
remenbered on a practical basis are daily observations.
Because when one is injecting or adninistering a conmpound
at weekly intervals, you want to follow the pattern of

ef fect for devel opnental toxicity anyway, because the |ater
days of the gestation nay be those where the effects are.
So if the injection is given on day one, the next day the
not her may not eat, may | ose weight; and you'll see a

wei ght [ oss, and a weight gain. But if you only weigh
weekly, you'll mss that. And if there are any effects on
devel opnent, it wouldn't be seen. So even when the
injections are given at weekly intervals, there should be
dai ly body weights in your devel opnental toxicity study.
And here what we did find was when there was daily

treatment--And we have a study with daily treatment. Why?
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Because every day of gestation the sensitivity of the

ani mal changes towards the response that will occur, or
potentially occur, in a conceptus. W found that there
were effects on the danms that were not observed when there
were fewer treatnments. It's not remarkable; it's just
sonet hi ng that one shoul d be aware of.

We also found that the only studies in which we saw adverse
effects on enbryo fetal devel opnent were those in which the
adj uvant arm showed sinilar effects.

This is a study design in nmice. It was a devel opnental tox
study, which neant treatnment was linmited to one week pre
mating, or gestation-six, or gestation-13. Wwy? Because
that got at |east one treatnment during enbryogenesis, one
treatnment that would occur over fetogenesis. And the dose
was two tinmes the human dose. W saw no effects in either
the dans or the conceptuses.

This is a group of rabbit studies. In the range finding
study, this is the | ongest one we had. Six weeks pre-

i nsem nation; three weeks pre-insemnation. It had been

al ready determned it was a three-week period to reach

maxi mal response with a booster. And then during
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gestation, gestation days six, 12, and 18, with the vehicle
al one, a high dose.

These aninmals were deternmined to be sero-positive at two
weeks, and only those that were were continued on study.
Doses at 1 and 2 "X." There were sanples. They were
worried about inmune conpl exes. The ki dneys were wei ghed.
There were no effects on the dans or conceptuses.

This is a devel opnental tox study with daily dosing, seven
to 19; a control; an adjuvant; a |low and two hi gh doses,
one at the high dose of 20 tines the human dose. This is
one of the NIDA studies. It's a conpound that has been
used; it's a tetanus toxoid. It had been in use in humans.
Two hi gh doses, one which followed the seven and 19, and
one which was seven and 12 and 18 during gestation. Here
we had maternal toxicity in the daily dosing. No

devel opnental toxicity in either daily or the weekly dosing
during gestation.

Anot her devel opnmental tox, beginning four weeks. And this
is the weekly schedule, four, three, two, and one, pre

i nsem nation. And then another dose on gestation day 18.

These were sanpl es taken of antibody |evels. They were
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taken for the nother for baseline | evel before the first
dose at two weeks, at four weeks, gestation days 18 and 19,
fromthe fetuses at Gsection. Antibody titres were
present. No effects, or no adverse effects.

Anot her | M study: One week pre-; different schedule, two,
si x, and 13. In each case, these are based on
predetermi ned information as to when the maxi nrum responses
were present. A placebo control, and three hi gh doses, day
two, day six, or day 13. And the nothers were bled, and
anti body | evels deternined before the first dose and on GD
29, which is the day sacrificed, so that they could figure
out if there was persistence or when the peak effect

occurr ed.

This is another one: Two groups, IM The difference is,
you can tell the nunber of sanples that were taken. This
is the first set that would go postnatally. And there is
anot her set that is taken at lactation day 21, when the

ani mal s were weaned. Four weeks, one week, sort of the
standard after that--seven, 14, and 24. One tines the

human dose, which was 20 tinmes the maxi num human dose.
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Fetuses at gestation 29; pups at lactation day 21; the

not hers before each.

And the others are quite simlar here, going the same way.
But the inportant thing is we were naking these
determ nati ons.

This is a ferret study, selected because that was the
responsi ve species. A quite large study. Treatnents were
days three, six, 13, or 22. A vehicle and a high dose at
one tinmes the human, so there would be a vehicle and a high
at day three, at day six, at day 13, and day 22. Sanples
were taken at term nation on day 35

What can we say about this? Well, nobst studies, the
evaluations were |limted to the i nmune response. The

anti bodi es were studied in the dam the conceptuses, and
the pups, to determne either before or after what the peak
|l evel s were. Most | ooked at only one dose.

I think this is inportant. Most did not adm nister the
test naterial or get a peak response in the aninmals during
t he period when the animal's i nmune system was devel opi ng.

Because the purpose wasn't to |look at the target of the
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i mMmune systeny but rather to see if we caused death,
abortion, or nmalformation.

| believe that's very inportant. My personal opinion is,
if we're going to consider the imune systemthe target,
we' d better consider treatnent postnatally of the nothers
and seeing if the anti body comes across in the mlk and if
they continue to be exposed to it during the lactation

peri od.

To date, no study we conducted with these types of vaccines
| ooked at potential effects on the i mmune system However,
when we have used other types of vaccines and

i Mmunosuppressi ve agents, we have seen i nmunosuppressive
effects that were not evident until after puberty.

And | think this is inportant. None conpared the pregnant
versus the non-pregnant aninmals. And if we are worried
about the offspring, we should also be worried about the
pregnant ani mal potentially being different fromthe non
pregnant aninmal. And the sane applies, | would hope, to
the pregnant woman versus a different potenti al

sensitivity.
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We | ook at potential effects on enbryo-fetal devel opnent,
but it's really only regarding the presence of anti body.
The transfer and persistence can be addressed by | ooki ng at
fetal levels and pup levels, and at |east know ng whet her
it persists in the pups up until weaning. But if we want
to look at imune function, the designs do have to be
changed as FDA has suggest ed.

He says "No," but | think the EPA data al so support that.
Viability and body wei ght and growth are the best

i ndi cators today, 14 postnatal. After that, if it's a rat
or a mouse they'll start eating material food; they're on
their own; they' re weaned; and the whole weight pattern and
viability, there's a second dip in viability.

Dose response: The only dose response we saw were effects
of adjuvant. | haven't showed you all the studies we've
done, but just gave you sone sanpl es.

I think fetal tissue interactions are probably unnecessary,
but possibly indicated on a case-by-case basis.

| don't think histopathol ogy woul d be remarkably additive
to the quality of this study, and would be only indicated

if there were effects on organ to body weight ratios. And
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it nust be renenbered that, to have any value of them we
need at | east three males and females per litter, and it
shoul d be evaluated on a litter basis.

So that probably gives you enough to think about. And I

t hank you for your time and the opportunity to show you
sone of these designs.

[ Appl ause. ]

DR. SERABI AN: Thanks, Ml lie.

We're just going to switch slightly, and I'm going to ask
Dr. Barrow to give his presentation now. And then we'll
conbi ne those two topics. | think that's a nmuch better use
of time at this point.

Dr. Barrow studied in London, while working at the sane
time for the reproductive toxicol ogy departnent at Beecham
Pharmaceuticals. Over the last 19 years, he has worked for
Cieros [ph] in Italy and France.

He is an active nenber of the Anerican and European
teratol ogy societies, and is a frequent guest |ecturer at
faculties or facilities in Paris, Lyons, Strasbourg, and

Toul ouse.
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Paul is presently director of toxicology at MDS Pharna
Services Preclinical in Lyons.
ANI MAL MODELS
PRESENTER: PAUL BARROW
DI RECTOR OF TOXI COLOGY,
MDS PHARMA SERVI CES

DR. BARROW Thank you for that introduction. |'mvery
pl eased to be here.
As a lead-in to the next discussion, I'd just like to give
a rapid overview of sone of the considerations that |
consi der inportant in species selection for devel opnent al
toxicity testing of vaccines. At the same time, I'll give
a very rapid overview of sone of the work that we've done
at MDS on behalf of Aventis Pasteur of four new vaccines
presently in devel opnent.
So we can start with the obvious question [ Shown on Sli de:
"Which is the Best Mddel ?"]. Every regulatory toxicol ogi st
hears this question at |least twice a nonth; not only for
vacci nes, but for practically any therapeutic carrier you

m ght think of.
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And strangely enough, the reply is nearly always the sane

[ Showmn on Side: "It's the Primate, Stupid!"]. O course,
the best npdel species is going to be the primate, for al
devel opnental toxicity studies, or practically all

It's worth renenbering at this point that the very first
regul atory guidelines were issued by the FDA back in 1966.
And this was a direct response to the thalidom de tragedy.
Thal i domi de, as it turns out, is practically only

teratogenic in primates, at |east at hunman therapeutic

doses.
However, even back then we decided -Well, that's the royal
"we"; | was seven years old. Even back then it was deci ded

that we woul d use rodents and rabbits for our routine
devel opnental toxicity screen

And the reasons for this are just as valid today as they
were 40 years ago. There are just not enough primates in
the world to supply our routine needs for routine

devel oprmental toxicity testing. And this situation is
getting worse, not better; with practically all Wstern
governnments being very reluctant to |icense new prinate

breeding facilities on their soil.
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To nake matters worse, to get a valid devel opnental
toxicity study in the primate we need to use relatively
hi gh group sizes. To start with, each nonkey normally only
has one fetus per pregnancy. And also, primtes don't tend
to reproduce well in the laboratory. They have a high
abortion rate of around 15 to 20 percent. So in a typica
primate study, we're lucky to obtain ten fetuses per
treatment group to exami ne at the end of the study; as
opposed to 200 nore per group in a typical rodent study.
One ot her di sadvantage of prinmates which is particularly
pertinent to vaccines is their long life span. If we want
to expose prinates pre- and postnatally, and then | ook at
the functioning of the adult imune system we're going to
have to wait four to five years. Now, | don't know many of
you out there that have that sort of patience.

So what are the nost |likely alternatives? Perhaps we won't
have the choice. Perhaps the vaccine is only imrunogenic
in the primate, in which case we can't justify other

speci es.

The three nmost obvious alternatives are the rat, nouse, and

rabbit. Although, after listening to Mllie's
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presentation, | should have added the ferret and the guinea
pig to that list. | haven't done that, because | haven't
used them personally.

The rat is the nost frequently used species in

devel opnent al toxicology. Also, we heard this norning that
a lot of devel opnental immunotoxicity work has been done in
the rat.

Havi ng said that, there's no reason why we can't use the
nmouse. Anything we can do in the rat is also perfectly
feasible in the nmobuse. The nouse al so has the advantage of
havi ng the nost studied i mune system of any ani nal

I should al so have said that the rat is often the only
species in which we do postnatal exam nations for

devel opnent al toxicology studies wth drugs.

The second nost used species after the rat is, of course,
the rabbit. But the rabbit is normally only used for
prenatal toxicology. W don't normally do postnata

exam nations in this species. As MIllie said earlier
postnatal examinations are very difficult; although we

can't always avoid it, as you'll see in a nonent. And as

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-173-



we heard yesterday, a lot of immune tests are not valid, or
sinmply not available, in the rabbit.

Here are some of the considerations that we bear in nind
when choosing a species. Evidently we want to choose a
speci es that does nobunt an i nmune response to our vaccine;
bearing in mnd, of course, there may be quantitative and
qualitative differences in i mmune response between species.
One point raised in the FDA draft is the tining and rate of
mat ernal anti body transfer. |'lIl cone back to that in a
nmonent .

And al so, we're going to want to be able to do both feta
exan nati ons and postnatal exam nations in our chosen

speci es.

Comi ng back to maternal immunoglobulin transport, as we've
heard, the big difference between primtes and rodents is
the timng of maternal antibody transfer to the offspring.
In primates practically all maternal antibody transfer is
before birth. As it turns out, according to the literature
at least, this is also the case for the rabbit and the

gui nea pig.
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In rodents, however, only about 10 percent of materna

i mmunogl obulin transfers before birth, with the other 90
percent transferring across in the mlk or the colostrum
And ot her species, as it turns out, are even worse, wth
little or no maternal anti body transfer before birth.

Now, this is the strategy that we have used to test four
new vaccines. W normally start off with prelimnary
studies to |l ook at the nmaternal imrune response in the
pregnant animal, and also to |ook at the tining and rate of
mat ernal i munogl obulin transport, in each of three
species: the rat, the nouse, and the rabbit.

And on the basis of these results, we normally choose just
one species, to go ahead and do the main devel opnental tox
study. We normally hope to be able to use a rodent
because, as | said, the postnatal exaninations in the
rabbit are very difficult, although we've not al ways been
able to avoid this.

So in the prelimnary study we start with groups of 12
femal e aninal s of each species--rat, nouse, and rabbit.
|'ve gai ned some new characters here. | didn't make that

choice of bullet point. | think these are probably the
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characters that were missing fromSteve's presentation this
nor ni ng.

We treat aninmals of all three species before mating,
according to a predeterm ned vaccinati on schedule which is
based on the known i nmune response in that animal, and al so
on the proposed vacci nation schedule in humans. So in a
typical study, we'll treat the animals two or three tines
before mating, at ten-day intervals.

After mating, we then give all the fenmal es a booster

vacci nation on day six of gestation. This serves not only
to mai ntain high maternal antibody |evels throughout the
remai nder of gestation, but also hopefully to expose the
devel opi ng enbryo to the actual conponents of the vaccine
formul ation.

Six females--that's half of the femal es of each species--
are then sent to caesarean exam nation, where we take bl ood
sanples to |l ook at fetal titres and maternal anti body
titres.

The other six fenmales of each group get another vaccination
at the end of gestation; are then allowed to give birth.

And we kill off the femal es and pups on day 11 post-partum
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Again, we take serumsanples to |look at antibody titres in
t he pups and nothers. The FDA suggests that we also do
anti body analysis in mlk. Unfortunately, we've not been
able to do that so far, because of analytical difficulties.
This is an exanple of the type of results we obtain in this
prelimnary study. The blue blocks are fetal antibody
titres. The red blocks are antibody titres in the pups on
postnatal day 11, and these are expressed as a percentage
of maternal titres. This was with an HV vacci ne.

We see here in the rat, fetal titres didn't reach nmaterna
anti body | evels before birth. In the nouse however, we did
get a good prenatal transport. So we were able to justify
the use of the mouse with this particular vaccine. As
expected, we also got a good prenatal transport in the
rabbit. | would also note that in all three species we did
get a good persistence of maternal antibody |levels in the
pups up to 11 days of age.

So for the four vaccines tested to date, we were able to
justify the use of the nouse for two of these vaccines:

the H V vaccine, and the tetanus/di phtheria/whooping cough

vacci ne.
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Unfortunately, in two of the cases, we had to resort to
using the rabbit. In the case of the meningitis vaccine,
this was because of poor or unpredictable i munogenicity in
the pregnant animal, in the pregnant rodent. But in the
case of the rabies vaccine, this was because of poor

mat ernal i mmunogl obulin transport before birth.

We then go on and do the main study. W use the sane
vacci nation schedule as in the prelimnary study. Here we
start with groups of 40 rodents, or 35 rabbits. One
subgroup of animals goes to caesarean, and we perform al
the routine teratology type examni nations. The other
subgroup is allowed to give birth, and we do all of our
postnatal followup on the litters follow ng birth.

Thi s second generation is normally term nated at weani ng.
Al though if we do see any indications of devel opnent al
toxicity--which we've not done so far--we will extend the
study to cover a postnatal followp, possibly with

behavi oral exam nations, probably adding i nmrune
assessnents; and perhaps even mate the animals to | ook at

their fertility.
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| would just like to ask one question before finishing,
concerning conparative devel opnment and mat er na

i mmunogl obulin transport. | wonder if we've not been a bit
msled by this. | wonder if we've not been premature in
rejecting the use of the rat.

As we have heard this norning, rodents are very immature at
birth, by conparison with humans. For instance, the
erythropoietic activity of the bone marrow is al ready well
in place in humans at the tine of birth, but continues to
devel op postnatally in rodents. But we have al so heard,
nevert hel ess, the ontogeny of the inmune systemis fairly
conpar abl e between nouse and, | assune, the rat and humans.
My question is: Are high fetal antibody titres really
necessary, given that the critical period of inmune

devel oprment in the rodent probably occurs postnatally? And
as we've shown, we do get good maternal imrunogl obulin
titres during this period. So providing there is a
postnatal followip, we mght not need to ensure exposure of
the fetus to antibodies in rodents.

| don't claimto have any conclusions; though | do hope to

have sone information to fill in this slide by the end of
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3B

today. So | guess now we just have to put the hand into
the hat, to see what we can pull out. Thank you.
[ Appl ause. ]
DR. SERABI AN: Gkay. | think we have about an hour,
roughly, maybe a little nore, to go over the two topics.
[ Tape Change. ]
DR. GRUBER: My name is Marion Gruber. |I'mwth
the O fice of Vaccines.
M5. M LLER Margaret MIler, FDA Ofice of Wnen's
Heal t h.
DR. VERDI ER: Francois Verdier, Aventis Pasteur.
DR. INSEL: Dick Insel, University of Rochester.
DR. HOLLADAY: Steve Hol | aday, Virginia Tech.
DR. SM ALOW CZ: Ral ph Sm al owi cz, the Environnmental
Prot ecti on Agency.
DR. CHRISTIAN: M ldred Christian, Argus Research.
DR. VAN DER LAAN. Jan-W/I | em van der Laan, The
Net her | ands, Medi ci nes Eval uati on Board.
DR BARROW Paul Barrow, MDS Pharma Servi ces.
DR. HASTI NGS: Ken Hastings, Division of Special Pathogen

and | munol ogi ¢ Drug Products in CDER, FDA.
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DR. SERABIAN: Okay. | think initially we'll start off

wi th--You have the questions in the panphlet that you got.
We'll start off with the first question, just because it's
a rather broad question. And please feel free, you know,
with any additional questions, to go up to the m crophone
stands. So this is just to start us off. COkay?

The first one is: |In addition to endpoints outlined in the
| CHS5A docunent, what additional paranmeters should be
eval uat ed; such as i munol ogi cal paraneters, histopath, and
functional assessnment? |It's what paraneters; i.e., if you
t hi nk functional assessnent, what do you nean by that?

DR. VAN DER LAAN:. Should we reserve this question to the
last round? 1In fact, it is the endpoints session

DR. GRUBER: Yes, we can keep this rather flexible. And we
will just leave this up there, and we'll just maybe screen
t hrough the questions, trying to get sone answers to sone
of them But perhaps we start off the discussion.

O if sonebody has questions regarding the two
presentations that you just heard, then please conme up to

t he m crophone.
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MS. HELPERIN [In Audience]: Yes, Jane Helperin [ph], ID
Bi onedi cal Cor porati on.

This is a question for Dr. Christian. | was wondering if
you could give us a little nore information on what
compounds you were |l ooking at in the studies you were

di scussing? And also, with regard to the different ani nmal
nodel s used and the study designs you used, what the basis
for that was? Such as, was there any background

i nformation or historical information which caused you to
choose the designs you chose?

Because | think one of the reasons we're here is to try to
figure out what rationale we should be using for study
designs. So maybe you could give us a little nore

i nformati on on that?

DR. CHRI STIAN. Yes. Wth the exception of three of the
conpounds, they were all NI DA vaccines that were used
either for--There was a flu, a tetanus, a henol ophi us-- Yes,
there was an H'V, and an influenza.

And there was background data on each of those that told us
the time for the booster shoots and how long it would take

to get the meximum response.
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Al l of those studies that were perfornmed were perforned for
t he purpose of evaluating whether they caused abortion or
mal formation, or affected fetal size in utero. None of
them were done as functional assessnents of postnatal

devel opnent of the i mmune system because that was not

| ooked at as a target.

Rat her, there were concerns whet her i mmuni zati on of
pregnant wonen, particularly in Third World countries--if
that woul d be a problemthat woul d cause them potentially
to have problens with norphol ogi c devel opnment of their
concept uses.

And so they were designed with that in nmnd, and w thout a
post natal phase; other than in, | believe, six of them
eval uation of viability and persistence of the antibodies
inthe mlk and in the pups.

PARTI CI PANT [In Audience]: | have a question for MIdred
or Steve or anyone who would like to answer it. But it
seened |ike some of you had | ooked at thynus-to- body-wei ght
ratios. | always felt that was a very sensitive indicator

for devel opnmental inmmune changes. And did you | ook at
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that? And did you find it not to be the case? O did you
just not look at it?

DR. HOLLADAY: For all of the chemicals that | showed you
we | ooked at themand we really didn't see any effects on
thymus-to-organ ratios, or spleen-to-body weight.

DR. CHRI STIAN:. W didn't see any, either. But we did | ook
at it in four of them

DR. SM ALOWNCZ: Wll, Mke, you and | published a paper
together in '96, EHP, evaluating fetal immune paraneters
and their sensitivity for indicators of devel oprmental

i munot oxicity. And of the indicators we found that were
nost sensitive, fetal thymc cellularity was anong the
sensitive ones in nouse nodels. Wen we correlated those
data, they were nore sensitive, or that was a nore
sensitive endpoint than fetal thym ¢ markers, which
occasionally didn't change when cellularity went down.

| contrast, cellularity of the fetal liver was a relatively
poor marker of devel opnental i mrunotoxi cant exposure. But
mar ker expression in fetal liver was a pretty good

i ndi cator of devel opnental inmunotoxicity.
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So the summary of what | just said, according to our review
in '96, is that fetal thymc hyper-cellularity is often a
very sensitive indicator of devel opnental inmunotoxicant
exposure. It will, of course, depend on the chem cal that
is being evaluated. And fetal liver marker expression
again, is sonetines very sensitive

I think DES and TCDD are beautiful exanples. | suspect
that the fetal liver progenitor cell may be the definitive
sensitive cell for dioxin exposure. This is an exquisitely
sensitive cell. So TDT positive cells in fetal liver in a
nmouse: pretty sensitive indicator

DR. HOLLADAY: If | can nake a little clarification here,
we never | ooked at the fetus. W |ooked at animals that
were at |east--well, post-weaning. So we didn't see any

ef fects there.

MR. STUMP [In Audience]: Don Stunp [ph], Wrld Research.

I just wanted to ask the panel what their thoughts are on
the designs as Dr. Christian and Dr. Barrow both tal ked
about, inmmuni zi ng before gestation and then al so during

vari ous points during gestation
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Any thoughts on whether it's better to take the same group
of animals and i mmuni ze them before breedi ng and t hrough
gestation; as opposed to taking subgroups where you have
sone animals that you only expose during gestation, sone
you only expose prior to gestation?

Because it's certainly differences you mght see in terns
of giving that vaccine to an ani mal that has not previously
been chal |l enged by the vacci ne.

DR. CHRI STIAN. Yes, | think you have to do sonme range
finding or pilot work first, to know that. And certainly,
we did nodifications based on when the responses were
there. In some cases, we did nultiple groups on separate
days of gestation because the response--For instance, if we
gave it on day six, it maxed about the m ddl e of
enbryogenesis. And at other tines, gave it pre, based on
the onset of the effect.

I think it was nost effective when given prior to
gestation, and the booster given. And it probably had the
| east effect on the nother. What we were originally
worri ed about when we started these studies--and that nmnaybe

was ten years ago now -was the potential effect of fever
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and its effect on each protein, and what would occur there.
And we found that we didn't have any problens with that.
That is different from sone other types of vaccines. But
with these therapeutic vaccines, it wasn't a problem

DR. BARROW | don't actually see the point in performng
groups that are only vacci nated during gestation, unless
we're trying to | ook at possible effects of other vacine
conponents other than the induced i mune response. W have
to treat them before mating in order to get a mmintained

i mmune response throughout gestation.

DR. VAN DER LAAN: May | coment also on that? | think
it's pretty inportant the way that MIdred has presented
the different days, the different periods during pregnancy.
I think that that mght give inportant information if you
take your starting point fromthe clinical use of the

vacci ne.

If you give repeatedly a vaccine during pregnancy, tha's
never resenbling the clinical approach. If a woman has
been vacci nated before pregnancy, it's not clinical usage
to do it again during pregnancy. So the npbst inportant

problemis when the wonan is pregnant, and then to be
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treated. And that m ght be inportant then, to know at

whi ch stage during pregnancy.

DR. GRUBER: Perhaps to further consider this point, I

t hi nk what is apparent and what is inportant to really do
in these studies is to adm nister prinmng doses prior to
gestation. | think this has been beconi ng apparent from

t he di scussions that we had today, and presentations. And
it's also fromdi scussions that we had when we | ooked, or
when we designed devel opnmental tox studies for these

vacci nes.

There is one point, or one question that | wanted to ask
the experts. We have been recently considering, rather
than giving nultiple doses to the sane group of animals
during the period of organogenesis--let's say, between days
six and 18--to really divide the animals into subgroups,
and to dose certain groups at certain days of gestation
only--for instance, to do it at day four, days six to ten -
so that the aninmal is dosed then only once, or a given
group is dosed only once. So of course they have been

primed prior to gestation, or prior to conception. And
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then they receive one additional dose during gestation
only. How do the experts feel about this?

And the reason why this is done is because we think that,
especially if you | ook at vaccines targeted for adol escents
and adults, many tinmes you don't really give multiple doses
to the human target population. So how do the experts fee
about this type of design and schedul e?

DR. CHRI STI AN: "Il start, and see if it can be
controversial. | think the whole problemis the question
And if the question is inadvertent exposure of a wonan who
beconmes pregnant, that's one question. If it is intended
exposure, then the design is different. And there are
vacci nes with extended exposure during pregnancy.

When it's intended exposure, it should be started during

t he pregnancy, because that's the clinical use, and you
know that the response will be devel oped during the
pregnancy. And one m ght want to do that then with
mul ti pl e groups during pregnancy, so that you could see the
effect of howlong it takes to nmount the response during a
pregnancy and when it's nost effective. And that might be

combined with an efficacy study, to evaluate at the sane
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time both the effect on the pregnancy and the efficacy of
the treatnment.

If it's inadvertent exposure, as mght occur when, let's
say, we go to a country and just inocul ate everyone--And
many times certainly there are sonme countries where the
people won't say they're pregnant. That woul d be agai nst
it. So they get inoculated. And now you have al

different times of exposure. There it would be probably
nost appropriate to see the maxi num response that can be
mai nt ai ned over the duration of the pregnancy. And a
primng dose in that case woul d probably be appropriate, so
that you could build up to the naxi mum response.

So it's really what question. And that, again, goes to the
case- by-case use.

PARTI Cl PANT [In Audience]: Mllie, are you talking
primng, or frequency of dose? | guess |I'mgetting a
little confused.

DR. CHRI STIAN:  Well, actually, both. You'd want to do it
bef ore pregnancy, and then a booster shot to nake sure - And
you'd have to have sone data, probably from non pregnant

animals, to know how to get to the maximum response.
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Because the question would be: At the tinme of maxi mum
response, what woul d be the outcome of that pregnancy?
PARTI CI PANT [In Audience]: So basically, potentially a
dose prinme, and then a single adm nistration at that tine
point? I'mjust trying to understand. Versus severa
doses, you know, gestation days--

DR. CHRISTIAN: |If the question would be--

PARTI Cl PANT [In Audience]: --six, ten, and 12, or
sonet hi ng.

DR. CHRISTIAN. Yes. Wuld it affect inplantation? You

nm ght want to do one before--

PARTI Cl PANT [In Audience]: Separately. Okay.

DR. CHRISTIAN. --mating; then one around the tinme of

i mpl antation; one at the tine when peak norphol ogic

devel opnent is ongoi ng; one when there's fetal devel opnent.
And depending on the pattern of the response for a
particul ar vaccine, the separation or even the need for
addi ti onal doses would have to be determned. You know, if
you can nount a response that's going to last the entire

gestation, then you wouldn't give another shot.
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DR. VERDI ER: Just one remark regarding the difficulty to
scal e the vaccine adm nistration, conpared to the gestation
period. The effect of the vaccine will not be i mediate.

| mean, you cannot say, "Okay, | will give the vaccine on
day six of gestation to evaluate the potential adverse

effect at this period of the gestation," because in fact
the vaccine effect will last for several days, and wll not
start immediately after the adm nistration.

That's why it's quite difficult to adjust the vaccine

adm nistration with the gestation schedule. And that's why
I think we should say, okay, we start--Perhaps we should
consider a very large period and say that, okay, we give
the product on day six of gestation, in order to cover day
si x and perhaps the next ten follow ng days.

Unl ess we want to evaluate the toxicity of one chenica
constituent of the vaccine. But | think in this case,
that's not the right method. If you want to evaluate the -
DR. CHRI STIAN: That's a different question

DR. VERDIER That's a different question. | nmean, in this

case we have to refer to the ICH5 guideline, and study the
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teratol ogy of chem cals by normal way. But | think that's
not the di scussion now.

DR. CHRI STIAN: No. Maybe | was m sunderstood. |f one
knows when the peak response is present, you night have to
give it before mating so that for the duration of the npst
sensitive period, let's say, in a rat, essentially days six
to 20, and possibly staying in maternal mlk--And goi ng
over and bei ng exposed that way. It might be fine to give
it ahead of time, if you had that |long a duration of
response. |If not, one m ght have to give an additiona
booster shot, or even two, before mating.

And that's why those designs--You notice there was one that
had four pre-mating, and it started way out six weeks
before mating, because it took that long to build up the
maexi mum r esponse.

DR. VAN DER LAAN. VWhat do you nmean with "the maxi num
response"? What's the nost risk-full effect during
pregnancy? |s that the existence of antibodies? 1Is that
the transfer of antibodies through the placenta? O is
that the increase of cytokines, interferons, and all of

t hose ot her el enents?

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-193-



| have the feeling that we should be aware of where we are
tal ki ng about. Are we defining the maxi mumresponse as the
anti body response, or other types of responses?

And that's also a question to Dr. Barrow. |In his talk he

i ndi cates the sel ection of species based on the placental
transfer of the antibodies.

DR. BARROW Yes, that's a good question, to which | don't
have an answer. Perhaps | could pass it over to another
menber of the panel.

[ Laught er. ]

DR. CHRI STI AN: CQut of naiveness, |ike nost of

i mmunot oxi col ogy, this is a rapidly evolving field. W
don't have--Certainly, | don't have all of the answers.

But what | was tal king about in ternms of maxi mum response,
what we were | ooking at was maxi nrum | evel s of anti body
producti on.

O course, with the placenta we know that the perneability
of the placenta, and the passage, and the way it goes
across the placenta, change with gestation; with the

pl acenta becom ng nore perneabl e as gestation continues.

So that, again, is changing with tine.
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And you're exceptionally correct with the cytokine
production. W are concerned about that, because that
woul d be what woul d i nduce a potential response that's
secondary in the conceptus. However, whether or not we
know what to nmeasure certainly would be on a case by-case
basis, and nodel ed for that particul ar conpound.

DR. HOLLADAY: |'m speaking from an i nmunot oxi col ogi st's
perspective. But clearly, there are data that different

i mrunot oxi cants have di fferent wi ndows of susceptibility
prenatally. Chlordane is a good exanple; lead is another
good exanpl e.

I think of inmunosuppression typically in the work that |
do. And in the case of this neeting, what |I'm hearing so
far, I'mnot overly concerned about the effect of vaccines
on a postnatal inmunoconpetence. M thoughts are nore in
line with, | suppose, exaggerated inmune responses,
hypersensitivity disorders, possibly autoimunity.

And | think now about a paper recently that canme out by
Anser Ahned [ph], who exposed animals to one | owl evel dose
of diethylstilbestrol prenatally; carried these aninals

until they were geriatric. And fromall paraneters
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assessed, they appeared normal inmmunologically, until a
secondary DES chall enge was given. And at that tine it was
shown that their cytokine production profile was skewed in
a direction that would lead one to predict they m ght be
nore prone to devel op an aut oi nmune di sorder

| could al nbst see that type of thing happening with a
prenatal maternal inmune stinmulation that skewed the fetal
i mmune devel oprment such that it could be a very difficult
thing to pick up, but in the right person at the right tine
with the right environnmental exposures or conbined
exposures, we ni ght see a phenonenon like this DES
phenomenon. It's going to be difficult to test for and to
show, however.

DR. CHRISTIAN: | think one of the things we nust keep in
mnd is that these are screens. And as such, we're doing
the best job we can do with our current |level of know edge.
It's not really a research project that one is doing when
doing the initial screening for potential effects.

But we are totally dependent on the research area for
identifying what potential effects we should be | ooking

for. And it's that combination then and devel opnent that
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will occur with tine. So we can't see things as set in

st one.

The reason | put out the original studies was, at that tinme
what people were worried about was mal formati on. Now we're
worried about functional alterations. But we don't truly
have all of the ways of looking at it yet. W've seen it

Wi th i mmunosuppressants, with i munotoxicants. But if we
use those tools for general screening, we may not be
sufficiently expert to have relevant information right now
And perhaps sonme of those things even will not be rel evant
in the future, but that's the devel opment of research. And
we have to consider them And | think that's part of what
we're trying to do here. Should we add it as a part of the
general screening pattern? | can tell you, with other
conpounds that are inmunosuppressant we have seen, just as
Ral ph has seen, effects that don't occur until late
postnatal, after puberty. And that's the first they're

pi cked up, with increasing severity.

But it would be inpractical for us to do lifetinme studies,
as well. So what we're trying to do is figure out what can

we do on a practical basis in a species that, at |east as
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much as we know, would m mc the human clinical situation
in terns of response to the vaccine, and nmake sure that
there is exposure of the conceptus at sone interval that
was devel oprmentally simlar to the human concept us.

MR. RENEE [l n Audience]: M nane is Foul ouse Renee [ph],
from GSK Bi ol ogi cal s.

Maybe as a feedback to the FDA, the panel, and the

audi ence, | could explain how we design our reproductive
toxicity studies at GSK. W do prelimstudies, where we
test in nore than one species inmunogenicity. And we

sel ect the dose on the basis of the prelimstudy, as well
as the species. Very often, it is the rat.

Then we have for the pivotal study, we have all of the

ani mal s which are pre-immuni zed 30 days before mating, and
all of the animals which are i munized only during
pregnancy. Now, we immuni ze besi des day m nus-30 al
animal s on day six, 11, 30, 50, of pregnancy. So we try to
have the vaccine present during key nmorments of devel opnent
of the enbryo--fetus.

So we try to nmaxim ze the exposure to the formation. And

we have good evi dence for inmune response at these days.
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We go for caesarean section at the end of the pregnancy for
hal f of the animals, and we go for half of the animals to
day 21 or day 25 after birth.

Now, after birth we follow the classical paraneters, and

i ncl ude al so postnatal devel opment, neural devel opnent, by
assessing the acquirenent of the flexes. And we believe
that this is maxim zing the exposure. W are not | ooking
for optimum | evels of individual antibodies. And this has
been acceptable everywhere in the world till now.

MR. : | probably mssed this, but did you al so
have at the--what was it?--28 days after birth, did you,
besi des neurol ogi cal evaluation, did you have i mmune
function eval uation?

MR. RENEE [In Audience]: Wat we do is we do the
neur ol ogi cal assessnent of the pups at day 21. And if
there are effects seen, then we can prolong until day 25.
Now of course, we follow body wei ght and ot her paraneters
after birth. And we take antibody sanples at day four
when we cull the litters to standardize the litters. And
we can conpare antibody |evels at day 21 or day 25. And

this is a good indication of exposure to antibodies comn ng
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fromthe nother by the milk. Very often, we find higher

| evel s at day 21 or day 25 of age than on day five, for

i nstance.

MR. . But you don't do any antigen chall enge
assay or anything like that?

MR. RENEE [In Audi ence]: No.

MR. : And do you do any i mrunohi stocheni ca

anal ysis of the inmune-related tissues at that point?

MR. RENEE [In Audi ence]: No.

MR. . Ckay.

PARTI Cl PANT [In Audience]: Could |I ask either the panel or
our colleague fromSmthKline to frame this question about
interval and timng of dosing?

You know, | see two different kinds of vaccines that you
m ght want to do these studies for. One is the sort of
vacci ne that you m ght give only one time, like flu or
tetanus, during pregnancy; versus sonething that 1'mvery
concerned about, sexually-transnitted di sease vacci nes,
where you m ght give vaccines on some schedule like zero

one-si X, or zero-one-three-six nonths.
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And there, the individuals who are participating in an I ND
trial, in addition to being at risk for sexually-
transmtted di seases, nmay also be at risk for pregnancy.
And so there you would be getting a very different kind of
vacci ne schedul e than you would for tetanus or flu. And
woul d that affect this timng and interval of dosing in
these repro-tox studies?

DR. BARROW Yes, | think we would have to design the study
accordingly. But we can't actually get away from giving
animal s a pre-mating vacci nation. Because gestation is so
short in the animal, we need to give tinme for the materna
response to devel op; which of course wouldn't be the case
in the human.

MR. WYAN [In Audience]: H . This is Mchael Wan [ph],
from 3M Bi ol ogi cs.

We have hundreds of vaccines, both used in humans and
veterinary vacci nes that have been given to a nunber of

di fferent animal species. And we al so have human bei ngs
that are exposed to different infectious diseases while

they' re pregnant, naturally exposed to infectious diseases.
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My first question is, are we concerned? Are we testing
whet her or not an imune response has del eterious effects
on the fetus? It would seemthat we have anpl e evidence
that the normal physiol ogic i mune response is certainly
not a toxic reaction.

Now, we heard Ml dred Christian say that even in sone of
these ani mal studies you could have an irritation on the
skin that could result in effects on-1 forget what it was,
MIldred. Viability of the pups, or whatever. So we know
t hat general system c reactions, such as inflammatory
reaction, could have that kind of effect. But | nean, is
that a toxic reaction? So | guess ny question is, first,
are we testing that?

And secondly, it seened, based upon sonme of the things

we' ve heard yesterday, our biggest concern would be an

i mmune response that would cross-react with specific

ti ssues or specific antigens. It mght be mmcry, or it
m ght be some other nmechanism So ny second question is,
are there any exanpl es where we think that fetal antigens
woul d be different than adult antigens, and woul d pose a

different toxic profile to the vaccine?
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So | guess part of nme thinks that if you could exam ne a
vaccine for tissue cross-reactivity and for safety in

ti ssues froman adult, what's different about the fetus
that's going to make this sonehow a different problen? Are
t here any exanples of a vaccine that is safe in adults, but
is unsafe in children?

DR. BARRON |'mnot saying it's unsafe. |In fact, | think
the opposite. One exanple we could use are the group B

pol ysacchari de neni ngococcal vaccines, where the induced
anti body has been shown to target polyciliated nol ecul es,
such as neural adhesion cell nolecules, which have a
different formin the fetus to the adult.

In the fetus, these nolecules are polyciliated and are
targeted by the antibodies. 1In the adult, the nol ecul es
have been deciliated, and are no | onger targeted by those
anti bodies. So that could give lead to a conpletely
different reaction in the devel oping animal than in the
adul t.

PARTI CI PANT [In Audience]: But 1'd just like to ask Pau
with that--and that's correct--has anybody studied that in

an ani mal nmodel in which--Now, here is a great exanpl e of
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cross-reactivity. And we've heard all about all kinds of
nodel s for i mmunotoxi cants and for i mmunosuppressants. But
here's a vacci ne, and when tested in an animal nodel, a
non- human prinmate or another nodel, do the offspring
devel op any kind of neuronal injury?

DR. BARROW No, they don't. At |east, we've not found any
adverse effects so far.

MR. FREES [In Audience]: Lou Frees [ph], |D Bionedical
We've heard a | ot of discussion of the need for the
conceptus to encounter optimal levels of antibody in the
not her, potentially cellular inmmune responses in the

not her; also, to be exposed to vaccine at particular
critical time points during devel opnent, as opposed to
merely the maternal immunol ogic response.

| think one thing that strikes ne as very inportant, coning
back to one of the things that Dr. Christian denonstrated,
is that | will readily concede that it is possible, by
poundi ng a pregnant ani mal with enough doses of vaccine, to
achi eve an exposure. All those exposures in one treatnent
group are capable of injuring a pregnant fenmal e animal, and

t her eby her concept us.
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So | would only advocate that we plan these trials very
carefully with multiple treatnent arns, not every one of
which is going to answer every one of these questions.

My second point would be again com ng back to Dr. Christian
for a noment, and reiterating sonmething | said yesterday.

It is not clear to ne how doing a trial of an adjuvant only
is of necessity for a regulatory package for registration;
since the adjuvant only will never be presented to man

| can see howit's a vital tool to the sponsor in
understanding their product. But where the practicality is
difficult or the additional manipul ations that have to be
added to make an adjuvant-al one study possi bl e--many induce
toxicities of their owm--why is it necessary, or even
desirabl e, to have an adjuvant-al one conponent to a
reproductive toxicity progranf

Clearly, if your vaccine denpnstrates it, then the onus is
on the sponsor to sort out what conponent of the vaccine is
producing it. But if the vaccine, as it will be presented
to humans, is benign, what's the additional benefit of an

adj uvant- al one package?
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DR. CHRI STIAN. What | presented wasn't a full package of
an adjuvant alone. Rather, it was a novel adjuvant, which
the sponsor wanted to know if it was toxic in and of
itself. And what we saw was that it was the adjuvant that
was quite irritating and produced the responses in the dam
And as a result, they changed the fornul ati on and got

anot her adjuvant, and went to one that was nore

st andar di zed.

I think that when there are novel adjuvants, though,
particularly in terns of devel opnental toxicity, it's a
very good idea to study that, just as you would a vehicle
or a placebo in a general tox study. Because you want to
know if that is affecting the devel opnent of the conceptus.
And i f nothing happens, well, that's fine.

But by having a single armthere at the maxi mum dose, it
sort of gives you a quick way to find out if sonething
shoul d happen at your high dose, whether it is the
adjuvant. Although you're quite right--and | think this
was your point--that it is in conbination possibly

different than it is alone, as well
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MR. FREES [In Audience]: Yes, that's right. In
conmbination it may be radically different.

DR. CHRI STI AN:  Uh-huh. Wat we saw with that particul ar
one.

MR. FREES [In Audience]: And that's the inportant point--
DR. CHRI STI AN:  Sure.

MR. FREES [In Audience]: --for the registration of the
product - -

DR. CHRI STIAN. That's right.

MR. FREES [In Audience]: --for the sponsor. And the
reason | bring this up is because, you know, the FDA is
extracting opinions here. And the issue that they have to
deal with is registration of the product. | have to deal
wi th knowi ng what ny adjuvant does, and whether or not it's
t oxi c.

DR. CHRISTIAN: [It's going back to the old thing: What is
the question? And where are you in this stage of

devel opnent ?

MR. FREES [In Audience]: There are two different ones

her e.

DR CHRI STI AN:  Absol utely.
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PARTI CI PANT [In Audience]: Could | add something? | just

wanted to say that it's not necessarily [inaudible]--

MR. . Use the m crophone.
PARTI CI PANT [In Audience]: It's not necessarily true that
you'll never clinically study the adjuvant al one. Because

there's instances in our own conpany where we have used

adj uvant to conpare reactogenicity. And so | think
including an adjuvant-al one armin some of your studies--I
woul d be surprised that a sponsor woul d di scover that their
adjuvant is irritating in a repro study, though. You know,
it seens that there should have been somethi ng before that.
DR. CHRISTIAN. Irritating the conceptus.

DR. VAN DER LAAN: | think what Dr. Frees indicated, that
if he as a sponsor wants to know what the adjuvant does,
it's also for ne as a regulator inportant. And we have no
different interests in that respect.

It's alittle bit a "chicken-and-egg" problem \Wat's
first? And you as a sponsor want to know, "What is the
effect of the adjuvant? What dose should | use in

combi nation with nmy antigen? And what are the toxic

effects of the adjuvant alone, then in relation to the
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antigen?" And | think those are inportant questions that
cannot be handled only in a conbination between an adjuvant
and an antigen. You should need, fromny perspective, to
have al so data on the adjuvant al one.

MR. FREES [In Audience]: All good points. 1'd only like
to add one thing. |If | have to physiochenically alter ny
adjuvant to study it al one, what have we | earned?

MR. : Well, yes, that nmight be a point. But
mean, think back to the list that the | ady presented
yesterday of the things that ought to be done to test the
safety of an adjuvant. You know, there were sone
interesting "yes's" on there. One of the "yes's" was
genotoxicity.

Well, | nmean, do you want to do a genotoxicity battery
every time you test a vaccine product of an adjuvant? You
know, the easiest thing to do is to have the sponsor having
done that, and make reference to it.

DR. GRUBER: | had a coment to nake. | think we've

di scussed the issue of adjuvants--given by itself, inits

own package, in a [inaudible] master file, conmbined with
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t he vaccine antigen, and so forth--on yesterday. And |
really see that we see all the points.

And regardl ess of how rmuch trouble |'"mgoing to get into
here, | nean, | would Iike to stress that | think the

poi nts made by the audi ence here are well taken. You have
to really ask yourself: Wat is the best information that
we can get to clearly evaluate the safety of the final
vaccine fornulation? And the type of studies that we do
shoul d be driven by that question

But if I may, | would like to get back to the discussions
of reproductive toxicity study designs, per se, and ani ma
nodels. | amstruggling with howto really tease out and

| ook at potential devel opnental toxicity that may be

i nduced by potential intrinsic toxicities of the vaccine
antigen or other components in the vaccine formulations;
versus the inmmune response.

And what | think, what | have been hearing this norning and
this afternoon, is that |ooking at the potential for--let's
call it imunopathol ogic effects, for lack of a better
term -doi ng the studies that we have been suggesting them

to do in the guidance docunent, is probably not going to be
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feasible, given the differences in i Mmune system nmaturation
in the animal species that we have available to us for
these types of studies, conpared to the i nmune system and
its maturation in humans.

So what do we have to do? Should we restrict devel opnental
toxicity study designs to segment two studies, or extended
segment two studies, in order to just answer effects on
organogenesi s or fetal developnment? O should we extend
the studies? O should we do additional studies to

eval uat e post-weani ng assessnents, if this is what needs to
be done to |l ook at potential effects on the i nmune system
of the offspring?

And right now, I"'mreally struggling with if we really
should require that as a sort of one packet approach, or if
we shoul d consi der what was al so nentioned by industry when
we got the conments to the docunment. Should we consider a
ti ered approach, sort of |ooking at the devel opnental tox
study as a signal-generating assay? And if we don't see
any signals, we still can't say for sure, of course, that
"My product is going to be safe when given to a pregnant

wonan. "
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O should | go ahead and al so | ook at inmune response

eval uations by doing additional studies? And that's
sonething that | would |ike to have discussed, not only by
t he panel nenbers, but | would also Iike to hear how the
audi ence and industry feel about this approach

DR. CHRISTIAN. Yes. |If | can, let me just give you one
thing that m ght be your first tier. And that would be, in
the same species, conpare the inmune response in a non
pregnant and a pregnant animal, and see if there is a

di fference there.

And then, on a tiered approach, |ook at what we woul d
usually ook at in the paranmeters we can recogni ze.

Because even with first trinmester insult in a rat or rodent
nodel, we had the progenitor cells. Even if it isn't fully
devel oped.

And you're going to get certainly the typical responses,
with the exception of function, by Gsection and certainly
by postnatal day 21. You're going to see it as by ability
ef fects and wei ght gain effects. They'll be noticeable.

If you want to add in sone function, fine.
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4A

But that whole field is evolving from "behavior," which 20
years ago we finally got changed to "function." But now
"function" isn't fully defined. And so that's an evolving
area that will change with research.
What | would think is the first tier, if they had exposure
during gestation and were allowed to go to weani ng. That
should certainly give you a pretty good initial tier one
screen in one responsive species. And | would just suggest
that as a good place to start. Then, if you see effects,
you go to the next |evels.
DR. GRUBER: Thank you.
MR, RUSSO [I n Audience]: [Ilnaudible] Russo [ph], from
Mer ck.
I think that the discussion was perhaps too focused on
i mune- nedi ated toxicity, to the extent that we struggle as
it is to devel op ani mal nodels that would be suitable for
even assessing the efficacy of new vaccines that we are
devel oping. And to really focus on i mune toxicity--
[ Tape Change. ]

MR, RUSSO [In Audience]: --the way to do is to

really assess whether there is this thing out there, and
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then trying to figure out howto do it. W have no

di scussi on what soever here in a relevant nodel for cell-
nmedi at ed i nmune responses. Mst of the discussion was on
anti body- nedi ated toxicity.

There was sone presentation in terns of cell-nediated

i mrune responses, but nobody discusses the host of genetic-
controll ed i nmune responses, even in ani mal nodels where
parasites may skew the responses according to TH2 types,
and so forth and so on

DR. CGRUBER: Yes, you are absolutely right. Just | wanted
to answer this. | guess we are all a little bit uneasy to
say that, okay, we're focusing, if you |ook at immune
responses, at antibody response. But the reason why this
is, is because we perhaps have the best assays validated
and reproducible as is to | ook at anti body responses.

If you start discussing cell-nmediated i mmune response, the
guestion is: \Were do you want to start, and where do you
want to end? And do you want to throw in the cytokines
profiles that you could potentially anticipate?

| guess | know that that is sonmething that needs to be

addressed in the guidance. | feel, though, that perhaps we
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shoul d gi ve sonme thought regarding how nuch and what to
assess in terns of inmmune response. Should it go beyond
anti body eval uations? Should it perhaps be driven by pil ot
or prelimnary studies, to see what vacci ne antigen do
have? What type of immune response do | expect for it to
elicit?

Is it going to be nore--Sonetines the adjuvants that |
added will sort of shift the inmune response froma THL to
TH2. And so that you may want to say, "Okay, |'mgoing to
| ook at certain cytokines, or certain cell-nediated
responses. "

But 1'mnot quite sure if we should build in as a first
eval uation sort of a full assessnment of the potenti al

i mmune response repertoire. Because it could again |ead us
to data that may be very hard to interpret, at least in
2002.

I mean, I'd like to hear nore conmments. |If you feel it's
necessary to evaluate nore than antibody responses, you
know, we would like to hear this. But | think we're going

to get--You had a question, a conment to make?
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DR. HASTINGS: Well, Marion, can | follow up? This
gquestion is directed to Mercedes. For the therapeutic
cyt oki nes, have you got reproductive toxicol ogy data for
t hose?

DR. SERABI AN: Do we have it?

DR. HASTI NGS: Yes.

DR. SERABI AN: More and nore, yes, we do. W are
generating data--mainly, seg two studies, teratol ogy
studies--with the cytokines. Again, it depends. The big
thing there is antibody devel opnent, and basically

cl earance of the material. So it's basically not

ef fective.

But what's your--Ken, was that your question?

DR, HASTINGS: Well, just to get at that. Because you know
we were tal king about other inmmune i nduced nol ecul es that
m ght eventually be manifested as |ike teratogies.

DR. SERABIAN: Right. No, you do see sonme of them-Well,
there are teratogenic effects with sone of them yes.
PARTI CI PANT [In Audience]: Well, I"'mstruggling alittle
bit in the back here, so forgive ne. This may be in part

my naivete of this whole area.
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But this is an extension of the gentleman over here. And
he said when you tal ked about your tiered approach of

| ooki ng at the toxicology or repro-tox assessnents, can
you, instead of |ooking at just gross or these |arger
changes that you're |ooking through, through the entire
cycle of reproduction, connect it nore to what is

epi denmi ol ogically rel evant?

| know t he gentl eman from EPA made sone connecti ons between
effects that he saw in ani mal nodels and studies in Inuits,
etcetera. | know that there are studies out there looking
at i nmunot oxi col ogi cal effects caused by the inmune system
in different ways when it's stinmulated in different ways.
And maybe one of the panelists could enlighten ne on sone
assays that we could use, in this sort of area of

i munotox, to really nake a connection between the

pat hol ogy or the function that we want to | ook for, and
sone sort of epidem ological feature that is a probl em out
in the popul ation?

It seens to ne like, if we're just |ooking at just any

effect, as the gentlenman said yesterday, you can create an
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assay just to create an effect. The issue is whether it's
rel evant or not.

DR. SERABIAN. | just want to, on top of that--1 agree. |
guess to ne, when you nention this about tier, that sounds
great, that's inmportant; but again, what's the signal that
you're | ooking for, and how appropriate is it, as to what
testing you' re doi ng?

And | guess, just kind of an editorial, when you say

"i mmunot ox” | kind of cringe. | think maybe you nean a
nmodul e [inaudible]. | don't know. |It's not always

i mmunotox that you're looking for. It could be

i mmunosuppressive. It could be inmunostimulatory. And the
word "tox" kind of--At |east personally, | don't care for
that. Okay.

Ken, do you have any suggestions as to the testing maybe?
DR. HASTINGS: Well, clinical immunotoxicology is a very
poorly devel oped field. And there aren't that many things-
-1 mean, you know, | guess the npbst inportant thing you
woul d think about doing is just the prospective cohort kind

of study, where you would | ook to see in the children, do
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they go on to devel op susceptibilities to certain
aut oi mune di seases or things like that.

| nmean, that's what happened, | believe, with cyclasporin.
You find that there is a higher incidence of autoi mune

di sease i n babies born to women who were taking
cyclasporin. So | think mainly that's the kind of gross

epi dem ol ogi ¢ studies that you're kind of stuck with.

PARTI Cl PANT [In Audience]l: | just wanted to nake a
coment. Marion, | think you franed the question really
well. 1've been a little confused by the discussion.

There seens to be confusion between the i nmune system as
the agent causing the toxicity, with the i mmune system as
being an end point in the fetus for the toxicol ogical
effects of the vaccine. And | think you really need to
separate those two issues in this discussion.

Yesterday, in the general tox studies, | think at |east
nmost of the consensus seened to be that the genera
nmeasures of toxicity were sufficient, and that speci al

i Mmunot oxicity tests as end points were not necessarily
necessary. And | think that it is also true for our

devel opnental toxicity tests.
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Some of the talks this nmorning were very nice descriptions
of the devel opnent of the i mune system And at the end of
Dr. Barrow s test, he focused on the devel opnent of the

i mMmune systemas to the timng of doses. But as

t oxi col ogi cal end points, as the end points of these

i mune- nedi ated toxicities, we're not only worried about

t he devel opnent of the inmune system or devel opnment of the
CNS, or any nmajor organ system

So | really think, as far as tal king about end points, the
enphasi s should really be shifted away fromthe

i mrunol ogi cal system and focused nore generally.

DR. BARROW | think the point was when we're dealing with
vacci nes, inmunol ogi cal endpoints, or in addition to al

the other parameters we normally | ook at for other

t herapeuti c areas,

PARTI CI PANT [In Audience]: But I would ask why. Do you do
that for drugs?

DR. BARROW Yes, we do that for drugs. |If we're testing a
CNS- active conmpound, for instance, we pay particul ar

attention to CNS devel opnent.
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DR. SERABI AN: Okay, just real quick, | think that's going
to be, hopefully, a focus of the next hour, or the end
points. So we can continue with that.

PARTI Cl PANT [In Audience]: Sorry, one nore question. |
debated a | ot whether to pitch this out here, but I'Il just
throwit just to see what happens.

The whol e di scussi on about the potential issues related to
vacci nes and whet her they cause a toxic effect to the
animal nodel, to the patient, kind of |leads to an

i nteresting quandary. Sone fol ks who work in vaccines fee
that creating an i mmune response soneti nes causes what sone
people would call a toxic effect; i.e., a swelling,

redness, pain, sickness.

I n sonme vaccine strategies, it my be a good idea to nake a
person a little sick initially, so that in the end they're
protected fromthe infectious agents that actually may
cause death or severe sickness or severe disease.

| wonder if by creating paraneters like this we create
vaccine strategies that won't inpact a person's daily life,

and won't meke them sick, won't nake them feel any pain;
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but may not in the end be as effective a vaccine as we
coul d possibly create.

DR. VAN DER LAAN. | think you're fully right, that
devel opi ng or introducing a vaccine in an animal will |ead
to an i nmune response, and the i mrune response is a
physi ol ogi cal one that leads to a | ot of disturbances that
we have di scussed yesterday, too. W indicated that, also.
The characterization of the i mmune response is nore

i mportant than the definition or than defining or

eval uati ng whether or not that response is leading to

i mmune suppression or other things. The purpose of your
eval uating the i mmune response is inportant.

Wth respect to the devel opnental aspects of giving a
vacci ne during pregnancy, it is inportant that introducing
a vaccine may lead to an adverse effect. And your first
effect is, of course, vaccination in the pregnant aninmal.
But then it may also |lead to an adverse effect on the
fetus. And that's the problemthat we are dealing wth.
And is the adverse effect on the fetus a direct abortion,

or a mal formati on, or a functional malformtion?
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DR. CHRISTIAN. Yes. To carry that on, | think that the
other thing that we have to have these types of studies for
is ultimately in labeling. A wonman is inadvertently
vacci nat ed during pregnancy, and her question to her doctor
is, "What should I do now?" And so we need to have sone

ki nd of indication.

If there are no adverse effects seen in these types of
studies, at |east the doctor can say, "W don't think it
will be a problem" If we know that the response was such
that the enbryos died, then we can say, "Wll, at such and-
such a multiple, we know that this occurred,” also.

So renmenber that the adverse effect, even if it is a norm
physi ol ogi cal response, can be a pharmacotoxic effect for

the conceptus. And that's always the two sides of the

concern.
PARTI Cl PANT [In Audience]: | guess what | wanted to just
mention was--and it follows on nicely fromthat--1'"m no

i mmunol ogi st, but it's ny understanding that often in the
first trinmester, due to hornonal influences, wonen's
ability to nmount a cytotoxic T cell response is sonmewhat

subdued. And we see that in terns of evidence of infection
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wi th toxoplasm c [inaudible], and other sorts of parasitic
and viral agents like that.

So when it cones to devel oping a vacci ne where we want to
generate a robust CTL response, and a woman is

i nadvertently vaccinated in her first trimester, | think we
woul d want to know, is there some nodel so that we could
under st and what woul d happen to the fetus? You know, is it
going to cause an abortion? Because there nust be sone
reason why we have a subdued CTL response in that first
trinmester.

And then I'Il tell you, the other thing that really causes
me concern is that we do these studies, and we do put
sonething in the I abel to give the physicians sone

gui dance. But we actually don't understand the influence
of confounders, |ike wonmen snmoking through pregnancy and
things like that. And then what does that nmean, in terns
of us getting sued because we've got sonething in our

| abel ?

And you know, we've done these |ovely experinments in a

controll ed environnent, and sought some understandi ng, and
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we're trying to provide sone guidance. But it's also a
very scary thing to sort of enbrace, as well.

DR. GRUBER:. Ch, yes. Yes. Yes. | guess nobody can argue
with | ogic.

[ Laught er.]

DR. GRUBER: But | think there's one thing that | wanted to
actually throw out here. And that is, we do devel opnent al
toxicity studies for preventive vaccines perhaps in an
attenpt to be able to possibly identify potenti al

devel opnent al hazard, or using these studies as a signal-
generating tool. | don't think that if we put the data
into the label, that that is equal with saying, "Now we're
going to nake a prediction to human risk." Because
everybody does understand that there is a difference

bet ween man and beast.

I think that, however, not having the data is really

sonet hing that Francois discussed yesterday norning: It is
sticking your head into the sand. And | think having sone
data is better than having no data at all. But | think

that the difference between really predicting human risk
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and using these as signal-generating tools, | think is an

i mportant difference that we need to keep in nind

What | wanted to actually do before we break for coffee is-
-And | know this is not going to be a five m nute thing.
But we've put a question up there. And perhaps in the

di scussi ons that Paul Barrow had we've al ready sort of
answered these questions a little bit, and we discussed it
a lot yesterday. But | think this is sonething that we
should briefly turn our attention to.

And that is the question--Perhaps it's best franmed again
in: M animal nodel that | choose should be perhaps driven
by the kinds of questions that | want to answer. And if
it'"s really that what we're going to do here is a first
tier evaluation, where I'mgoing to do a devel opnent a
toxicity study, and | carry this out to birth or weani ng of
the ani mal nodels, then perhaps |I'm going to choose ny

ani mal nodel accordingly. And if | want to | ook at

i munot oxi ¢, i mMmunonmodul atory effects, | nay have to | ook
at another animal nodel, or do an additional study.

But how do we feel about the question about a rel evant

ani mal model ? Can we define it by, as we naively stated in
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t he gui dance docunent, the ability of the species to nount
an i mmune response? O do we have to be a little bit nore
precise in our definition? And what other paraneters do we
need to consider?

[ No Response.]

DR. GRUBER: Anybody?

DR. CHRISTIAN. Well, it certainly should get across the

pl acenta, also. So you need both an i mmune response and
crossing the placenta. Having only i mmune response, and it
doesn't cross the placenta, it doesn't answer your
guestion. Getting across the placenta wi thout an i mune
response doesn't do it, either. So if you had none that
did both, then certainly one of those would be better than

none. But ideally, it should be both.

PARTI Cl PANT [In Audience]: | would only like to iterate a
point that | nmade yesterday. It is that in this definition
it's great, | think it's probably--The issue | have is, if

you have an ani mal nopdel, whatever nodel you sel ect, that
if you're using a vaccine nodality that pronotes an imune

response in that species, you're probably okay.
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If you're using a vaccine nodality that doesn't pronpte an
i mune response in that species and is a very human

speci fic pathogen or vaccine nodality, then you nay be
stuck. You know, you won't be able to address any kind of
i mruno-i ssues that are created by the vaccine. You may not
be able to address sone of these reproductive toxicol ogy

i ssues related to i mune response.

You know, it's a real tough issue, because as we get nore
creative with our vaccine strategies, animl npdels may or
may not become nore rel evant.

MS. MJURSA [In Audience]: |'m Sandy Miursa [ph].

| guess I"'mreally confused. Because it seens to ne that
if what you're looking for is whether IgG crosses the

pl acenta or not, then Dr. Barrow has outlined a nice way to
figure that out. And you can determ ne that your ani nal
nodel is probably a rabbit, and we don't have to carry on
this discussion for very much | onger.

But if that's not the thing, because it's hard for ne to
visualize--and |I'm not an inmunol ogi st--but how sinply 1gG

crossing and being available to a fetus is going to cause a

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

- 228 -



mal formation. That's pretty hard for ne to understand. So
| think that's probably not the point.

And then, you know, you say, "Well, if it cross the

pl acenta," but | don't know what "it" is. You know, is
"it" the antigen? Is "it" 1gG? Is it--1'"mnot sure.

| don't think it's as sinple as this. And if it is as
sinple as this, then | think you can just take and say a
vacci ne that nmounts an anti body response agai nst virus "X';
| ook for 1gG and then you never have to test another
vaccine for virus "X" again. It doesn't matter what the
construct is. It doesn't matter anything, if 1gGis the
only thing we care about.

DR. VAN DER LAAN: Let's try to go further in thinking.
Yesterday | have indicated that in Europe we have thought
about a relevant ani mal nodel as an animal nodel in which
you can induce a change. But that's not always possible.
And in this case, we have to use a case-by-case approach
Maybe if you have a pol ysaccharide vaccine, then the 1gG
response and the 1gG transfer through the placenta night be
very inportant. |If you have a live attenuated vaccine,

then the placental transfer of the virus is inmportant. Or,
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as for small pox, it's thought to be that the interferon
response mght lead to an abortion very early in pregnancy.
So it might be you should also in this respect use a case
by-case approach

And then the criteria for what is a rel evant nodel are rnuch
nore derived froma conpari son between the i mmunol ogi ca
response in humans to the infectious agent or the vaccine
itself, conpared to the aninmal nodel. | think that al
those points have to be considered in this respect.

DR. LAMBERT: | would like to push the idea a little bit
further. |If we would |ike to devel op a decaval ent vacci ne,
and we should not be able to denonstrate i munogenicity in
any species for the ten antigens, what should we do?
Shoul d that be a good excuse for not doing a study? Should
we use a species where we have a maxi mum of i nmune
responses?

[ No Response.]

DR. VAN DER LAAN: We are all quiet. W have no answer. |
think that's the nost difficult situation, and it's very
difficult to handle. But maybe there are people in the

audi ence that would indicate, "Okay, aninmal studies are not
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necessary. You can directly go into man." | think that

nobody has that opinion. But we have to struggle with

that. | have no definite answer. |t depends on the case.
DR SERABI AN: Again, |ook behind you. | think that's one
of the--Yes.

Any nore comrents with respect to the question | have up
here now? No? Thoughts? Ckay.

PARTI Cl PANT [In Audience]: Obviously, I'mworking in an
area where this is directly relevant, so--And the gentleman
from Merck yesterday sort of hel ped answer this. You know,
it's sort of a double edged sword. You can switch to the
ani mal system where--You know, |ike taking animal antigens
or taking an animl-suited or a nodel-suited virus. Let's
just take a virus, for instance, as a good exanpl e.

Let's say you're working with a human pat hogen and there is
an ani mal nodel, but it's not the hunman pathogen; it's an
ani mal - adapt ed pat hogen. You can use that ani mal-adapted
pat hogen, but you have to recognize that there's going to
be big differences between the two, because it's an ani na

nodel and it's not going to be a perfect nodel.
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But the challenge is, froma vaccine production point of
view, that you have to devel op these two things together,
in the same manner, in the same way, to really adequately
test the different rel evant toxicol ogical issues that may
be related to these things.

And God forbid that the pathol ogy or the pathogenic
features of the animal nodel differ in any way from what
happens in the human. Then you know, it's another whole
i ssue to deal with.

So | don't know, it's sort of a very, very difficult
problem And | would |love to hear fol ks who nay have nore
experience in this give sone sort of advice, because |
think there's probably quite a few people in here who wil
be faced with simlar problens related to this.

DR. VERDIER | would just like to give one remark
regarding the question behind ne. | think it's really
difficult to answer to this question w thout nore detai
about the specific vaccine. Because you have to consider
the human data. Do we know sonet hi ng about the sane

infection in humans?
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We have also to consider the nature of the vaccine. |Is it
a live viral vaccine? And in this case, the risk can be
hi gher conpared to a reconbinant protein, for exanple. Do
we have a strong adjuvant which can trigger a different
production, or do we have no adjuvant at all?

So | think when we will wite the non-clinical safety
package in the IND or in the pre-IND, | think we have to
take into account all of this information; and
particularly, information regarding infection in humans.
Do we have data which indicate that the pathogen can
trigger abortion or can trigger cytokine release which can
| ead to abortion?

We were discussing with my nei ghbor about the different
potential strategies according to the nature of the
vaccine. And | think that if you deal with a live vira
vaccine, it's very different conpared to a reconbi nant
protein. And we have to take that into account. W cannot
answer "Yes" or "No" to a question. W have to take

globally all of the information avail able.
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DR. SERABIAN. | think that's an appropriate tinme to break
It's about 3:15. How long do you want to go? Till 3:45,
then. Then we'll cone back.

[ Recess. ]

DR. SERABI AN: Okay. Basically, I'd like to introduce the
two remmini ng people on the panel here that have not been
nore formally introduced.

Dr. Verdier, | don't think | need to read his introduction
since you know himquite well from yesterday and today.

And he will give a very small presentation-two or three
slides, | think--to just start us off.

And Dr. van der Laan, he is a pharnacol ogi st and

toxi cologist. Since 1990 he is head of the preclinica
assessnent group of the Medicines Evaluati on Board of The
Net herlands. |It's located at the National Institute for
Public Health and the Environment. In this function, he is
responsi ble for giving advice on preclinical safety aspects
for The Net herl ands Col | ege.

On behal f of the Medicines Evaluation Board in The

Net herl ands, he is a nenber of the Safety Wbrking Party,

the SWP, of the CPMP. In the SWP, he was responsible as a
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rapporteur for the note for guidance on preclinical
phar macol ogi cal , and toxicol ogi cal testing of vaccines, as
well as on the revision of the note for guidance on
repeat ed- dose toxicity, which included i munotoxicity
aspects.
| MMUNOLOG CAL ENDPO NTS
PRESENTER: FRANCO S VERDI ER, PHARM D., PH.D.
PRODUCT SAFETY ASSESSMENT, AVENTI S PASTEUR

DR. VERDI ER.  Thank you, Mercedes. | will just briefly
i ntroduce the subject about what are inmunol ogi cal end
points. And | think we have to ask the follow ng
guesti ons.
Wth the inmunol ogical end points, we want to confirmthe
rel evance of the animal nmodel. And we were speaking about
surrogate markers, antibodies in the nother or in the
fetus. An antibody neasurenment can be used as surrogate
marker to confirmthat the animal nodel is partially
rel evant.
We can use al so i munol ogi cal end points to eval uate

potential adverse effects. And we will see when and how.
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These i nmunol ogi cal end points can concern the nother, the
fetuses, or the pups, on any other nodel

To illustrate these i mmunol ogi cal end points, | would |ike
just to show you this graph which represents the cytokine
bal ance during the pregnancy. And it's true that if you
interfere with the cytokine equilibrium you nay induce
pregnancy loss. So you can imagine that if you give a live
virus and if you trigger high production of interferon, you
can perhaps inpair the pregnancy.

So about i mrunol ogi cal end points, | don't know if we
shoul d neasure the cytokines, but at |east we can imagi ne
that if we give a strong stinulus, if we give a live virus
which will really trigger a strong cytoki ne change, you may
have changes in the pregnancy.

Regardi ng surrogate markers, | think when we are measuring
| gG we are not neasuring 1gG for the potential toxic
effect. W are neasuring IgGto show that we are
triggering something to show that we have sel ected an

ani mal nodel which answers to the vaccine.

And | have just reproduced here what we are doing. And

Paul presented this kind of treatnent design in his
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presentation. 1In fact, we are inmunizing the ani mal before
the mating, during the gestation period. And also, for
sonme subgroups we are doing postnatal vaccine

adm ni stration. And we neasure the 1gG just to show that
the species is answering to the vaccine.

So for ne--and | hope that you will challenge this idea--in
a tier one, we do inmunol ogical end points to justify the
speci es sel ection and the protocol design. Only for that.
And we will do the study wi thout i mrunotoxicol ogy tests.

We mainly focus on classical teratology end points. W
don't do cytokine neasurement. W don't do functiona
assay by imuni zing the aninal with another antigen.

| should admit that we don't reinmunize the pups with the
vacci ne, because we know that maternal imunization wll
suppress during a certain period the answer of the pups to
the same antigen. So we don't re-imrunize the pups. It is
mentioned in the guideline that we nmay have to re inmunize
the pups. Until now, on the four studies we perfornmed, we
never did that. So perhaps it's sonething which should be
nodified. | don't totally agree with that, but it can be

di scussed.
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Regarding the tier two, | would limt immunol ogical end
points to nechanistic investigations. And | have in mnd
only one exanple, which is meninges-B pol ysacchari de
vaccine. In this case, in addition to a classica
reproductive toxicity study, you may want to do in vitro
anti body binding to show that the anti body nade by the
vaccine can bind to fetal tissue.

I n anot her study, you may want to show that your adjuvant,
or your live virus, perhaps can trigger a cytokine change.
But I would keep these investigations in very specific
cases: only if we have sone good evi dence that the vaccine
or the adjuvant can trigger some changes, and if we want to
further explain these changes. But | would not do this
very specific investigation in a first tier.

I will stop here, and | will let ny colleagues fromthe
panel or fromthe room conment on this proposal.

[ Pause. ]

DR. VAN DER LAAN: Shall | first give my statenent, and
then we have the general discussion?

DR. VERDI ER: Yes. Go ahead.

DEVELOPMENTAL ENDPOI NTS
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PRESENTER: JAN-W LLEM VAN DER LAAN, PH.D
DI RECTOR, PRECLI NI CAL ASSESSMENT GROUP

MEDI CI NES EVALUATI ON BOARD [ RI VM, THE NETHERLANDS
DR. VAN DER LAAN. | have not prepared a presentation as
t he ot her chairpersons for the sessions. | have only one
point that | specifically want to bring in the audi ence,
and a point that we have discussed repeatedly in our
Eur opean clubs--the Safety Wrking Party, and the Small Pox
Working Party--early this year.
And | think it's inmportant that reproductive toxicity
testing is not a purpose initself. And that's inportant.
Vacci nes are derived, by definition, frominfectious agents
that cause human di seases. And to get insight in the risk
of vaccination during pregnancy, we can learn a lot from
the clinical experience with the pathogen exposure.
So for the live viral vaccines, as influenza, rubella, the
munps, the neasles, and variola, the human pox--there m ght
be others--we can learn a |lot fromthe epideni ol ogy from
the illness itself.
And then, we have to think about, if the conpl ete narket

will market the specific vaccine, what will be the decision
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for the treating physician? And as the U K is part of
Europe: To treat or not to treat? That's the question
And that depends on the situation. Sonetines, passive

i muni zation during pregnancy is nore inportant than giving
a vaccine. And we should that clinical background keep in
our minds when we are discussing reproduction toxicity
testing.

That's just another aspect. And with respect to the other
devel opnmental end points, just because of these types of
exanpl es we know the devel opnental effects of rubella and
human pox. | think those are not based on the--And Dr.
Hol | aday is not present here behind the table, but he
explained that that type of effects night also be

i mrunol ogi cal effects. But those types of end points are,
of course, still inmportant in reproductive toxicity
testing.

Anybody from the audi ence has any comments on these
statements fromDr. Verdier or fromme? O anybody from

t he panel ? Yes.
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MS. SHEETS [In Audience]: H . |'m Rebecca Sheets. And
just want to be clear to everyone in the audience: |'m not
| onger at FDA. so |'m not speaking for FDA

It is ny inpression that aninmal nodels--1 nean, we've had a
| ot of discussion about what's a rel evant ani mal nodel, and
how difficult that's going to be. It's ny inpression that
ani mal nmodels are inherently inperfect, and they nmay or nay
not be predictive of the human situation. So to expect the
animal nodels to predict subtle effects, |ike the

i mmunol ogi cal effects, it's going to be asking too nuch of
t he ani mal nodel s.

| think it's warranted to do these kinds of studies and to
be | ooking for gross effects. And if you see such gross
effects, then doing further studies in a second species or
that sort of thing may be warranted. But | think the only
way to get at these subtle kinds of effects is really going
to be studying humans and epi dem ol ogy. And, yes, there's
a lot of problems with doing epideniol ogical studies, as
wel |

But | think that it's asking too nuch of these inperfect

animal nmodels to be | ooking at very subtle, downstream
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effects that may or may not be seen, may or may not be able
to be measured, and in the end nay or may not be rel evant.

I think |ooking for the gross effects is redly all we can
ask of these animal models. So that's just ny scientific
opi ni on.

DR. VAN DER LAAN: Anyone fromthe panel? Marion?

DR. GRUBER. |'ll hold nmy comrents.

MR. PARKMAN [In Audience]: H . [|I'm Paul Parkman.

| listened all day yesterday and today. And it seens to ne
that fromwhat |'ve heard, the evidence that past vaccines
are toxic, either reproductively or developnentally, in a
way that preclinical |aboratory studies can help, is
extremely rare. Rubella, of course, is one of them

It seens to ne likely that the need for these tests is
driven by the need to have sonething we can say in the
packet circul ar about these matters. And given this, |
think the nost useful approaches m ght be two-fold.

One is, in the unusual circunstance where there is sone
reason, from epidem ol ogy or clinical medicine, to suggest
concern--and rubella mght be a classic exanple of that--

then the sponsor should be required to devel op studies that
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are tailored to answer the specific questions that are

rai sed. And so sone sort of screening test wouldn't be
particularly applicable here.

For everything else, it seens to ne that a toxicol ogy test
shoul d be sufficient in one species, using the "best anim
nodel *; recogni zing that often the best nodel is probably
not well defined.

But for these studies | would think probably reproductive

t oxi col ogy woul d not be required, unless there was sonme new
and really convincing evidence of a certain need for them
That woul d be sort of ny take on it. Thank you.

DR. VAN DER LAAN:. Anybody, comment?

DR. GRUBER: Yes. | have a question for Dr. Parkman. How
woul d you define evidence for the need of devel opnent al
toxicity studies in the absence of clinical and preclinica
dat a?

DR. PARKMAN [In Audience]: Well, what | was referring to
as evidence was evi dence from epi dem ol ogi cal studies of
the disease or a clinical study of the disease that

suggested that the organismor organisns closely related to
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it had some reproductive effects that it was inportant to
defi ne.

DR CGRUBER: Well, thank you. That's, of course, one point
of view. To have reproductive toxicity studies only for
those types of products for which the "Y' type disease
woul d suggest an untoward effect on fetal devel opnent.
However, as we have been pointing out, we're really faced
with a really novel area of vaccines, product classes,
conbi nati ons of products, the introduction of novel
adjuvants; that | think that we may be goi ng down a
dangerous path to really dismss all these issues and just
| ook at "Y" type disease. But that is ny personal opinion,
and | guess that is sonething that we can discuss a little
further.

PARTI CI PANT [In Audience]l: | think that one of the

probl ens that the audi ence has been grappling with is this
al rost necessity to have one type of study fits all cases.
In reality, we could | ook back and say with our history of
vacci nation we really have no history of repro

t oxi col ogi cal probl ens.
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However, we're all very excited, because we're facing a
whol e new era and set of opportunities in devel oping
vaccines. And we're trying many new approaches. Maybe in
tailoring these guidelines and so on we have to take that
into consideration, that in a situation where we're using
live viruses, attenuated |ive viruses, one has to | ook
about transfer.

If the goal is to use cytokines as adjuvants, then

nmeasur enment s of cytokines would be relevant. And naybe we
really are going to have to consider this based on the
different categories of vaccines that are going to be
devel oped.

DR. VAN DER LAAN: Anyone to conment on this?

[ No Response.]

DR. VAN DER LAAN: | think you gave a differentiation, but
you have given maybe voice to the audience that you agree
that we are going this way as regulatory authorities in
setting up these guidelines, providing this guidance to the
i ndustry.

Are there other opinions in the audience not willing not

follow this guidance?
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MR. HOPKINSON [In Audience]: Hi. |I'm Bob Hopkinson [ph],

from DynPort Vacci ne Conpany. |'malso no longer with the
FDA.
| just wanted to conment. | don't have a strong opinion in

this area, but just in the world of drugs where | was
before, you talk about what are the inplications in terns
of the label with these studies.

And one area that comes to mind is the quinoline
antimcrobials. Early on, nultiple species tested, finding
cartilage toxicity. Getting into the |abel--Products never
bei ng used in pediatric populations, or very infrequently
bei ng used, and the use essentially off-1abel for years.
And it's only recently with resistant pneunbcoccal and

ot her types of infections where FDA is being asked to

consi der | ooking at pediatric studies and trying to get
sorme additional information.

Epi dem ol ogy studies really can't be done if you' ve got
sonmething on the |abel related to an animal toxicity which
may or may not be relevant. And so, just another thing to
thi nk about in ternms of our thinking process. |If we search

for a species that may cause an effect and we find it,
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4B

okay, then you have to decide, well, does that mean
anything? And it may preclude actually getting any
epi dem ol ogi ¢ data, because no one is willing to use the
product in a pediatric or gestational period.
DR. VAN DER LAAN. | think that that's indeed an inportant
statenent; that you can also abstain fromgiving a
vacci nation during pregnancy. But the problemis, as
i ndi cated by- -
[ Tape Change. ]

DR. VAN DER LAAN: --this risk assessnent, where
you can not always avoid it.
DR. CHRISTIAN. | wanted to say that | agree with your
tiered approach. And | think that to | ook for specific end
points that are functional wi thout a reason, in an initial
run-through, with no other effects, would be pushing the
nodel perhaps beyond what we can do at the first tier for
screeni ng.
But | believe that that first tier is inportant to do,
because we don't have good data as a rule on the disease
nodel s thenselves. And we're coming up with so many new

things that it isn't just the inmune response, which was
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what we were first |ooking at, if you could even define
what we were considering an i nmune response; but rather,
the nmultiplicity of the different types of agents that

we' re using.

And | don't think, or | hope nothing was interpreted as
"There's only one way to do this." |It's certainly a case
by-case basis, where the sponsor is responsible to figure
out what they know about the conpound and what's the nost
appropriate way to test it. And | think that's just

axi omatic, and should not be forgotten.

Now, if they have a reason they think it is going to be

i mmunot oxi ¢ or imunosuppressant, then you test for those
things, just as you would if you thought it was CNS

sel ective and doing sonething there, or toxic to the liver
or the kidney or sonething else. You would put in any
points that you wanted to |l ook at to identify effects in
the adults.

But | believe that ethically, before we go into pregnant
wonen or have inadvertent exposure of pregnant wonen, we

have to do the best test using the current tools that we
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have--admitting that they are inadequate; but they are
still better than nothing.

DR. GRUBER: | couldn't agree nore with your statenent,
MIlie. And | really also wanted to say that | am
supporting Francois' suggestion for the tiered approach
that is no | onger up on the screen

The question, however, that | feel we sonmehow have to
answer, com ng back to what | said this norning-W wanted
to hear comrents; we wanted to address concerns raised by

i ndustry in response to us publishing this guidance
docunent. At the end of this day I'd say: Are we back to
the 1CH as far as a gui dance docunent? Do we need an
addi ti onal docunent at this point?

So | see people shaking their heads, nodding. Jan, you
wanted to say sonething?

DR. VAN DER LAAN: | think that vaccines are in their
concept so different fromconventional products that it

m ght be hel pful to the industry to give guidance in
addition to the reproductive toxicity testing docurment from

the | CH
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"' mwondering why only at this point the FDA has nmade a
guideline. But | would say, have a gui dance docunent. And
| have | earned that you are preparing that for the

devel opment of vacci nes.

I have a question also on the tier two to Ken Hastings. As
we know, in the imunotoxicity discussions for the
conventional product, we have given a first |look at the
devel opnmental i mmunol ogy of imunotoxicity testing; and in
that way, a function test at day 21--day 20, 21, or the
peri od of weani ng.

What is your feeling? Should that be a standard approach
for vaccine?

DR. HASTINGS: Actually, | was thinking about the one slide
t hat Ral ph showed, Bob Chapin's very conplicated but nice
repro-tox testing scheme. And it did have the i nmunot ox
end points.

As you know, in the imunotoxicol ogy gui dance we say that

i f you know that a conmpound is immunosuppressive and you
know it's likely to be used in wonen who nmi ght becone
pregnant while taking the drug, that there should be an

eval uation and a repro-tox study, and basically we said a
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hi st ol ogi ¢ exami nation of immune-related tissues. And we
kind of left it at that.

And the reason for that was that we felt |ike when we were
writing the guidance that there wasn't enough i nformation
to nake a recommendati on about a functional assay. Now,
Ral ph and sone other fol ks have actually worked very hard
to devel op these functional assays to be incorporated into
repro-tox studies. And | would |like to see a |lot nore
wor k, or sone nore work, done to that, so that naybe we
coul d nmake that recomendati on.

And | think that the work that Ral ph and Greg Ladi x [ ph]
and sone other fol ks have done purports, you know-1 won't
use the term"validated,"” because that's a heavily wei ghted
term But where we could feel nore confortable about that,
then, yes, then at that point | would like to see that

i ncorporated. And we probably woul d change the gui dance at
t hat point.

Did | answer your question, Jan-WIllen? Yes.

MR. RUSSO [In Audience]: |I'mJinaudible] Russo, of Merck.
|"mnot sure that | understand the |ogic behind that.

Because you say if you have any reason to believe that the
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drug that you are devel oping is inmmunosuppressive, then you
do this recomendation. | guess it's because you want to
assess whether or not this tenporary inmune suppression
will affect the fetus by exposure to viruses or

nm cr obi ol ogi cal agents. |Is this really relevant to

vacci nes?

DR. VAN DER LAAN. May | give that question to Francois?

Do you expect that you ever will apply the second tier
testing?
DR. VERDIER | would not include a functional test like

suggested by Ken. Sorry, Ken

DR. HASTINGS: That's all right.

[ Laught er.]

DR. VERDIER: | think at this stage we want to have sone
gross evaluation of the vaccination on the pregnancy. It
seens that we are in atotally different situation conpared
to chem cals which can trigger an i munosuppression. So
woul d be cauti ous about adding functional tests at this

st age.

And that's why also, | think | was clear in ny

presentation, | would not re-i muni ze the pups with the
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same vaccine. Because | think this can be nisleading. W
wi ||l observe a suppression of the B cell response, and sone
people may think that it's an i mmunosuppression. |In fact,
it's not an i nmunosuppression; it's a normal effect of
vacci nation of pregnant animals or pregnant wonen.

So | would avoid to add either an inmunization with the
sane antigen, or | would avoid also to add function assays.
But that's nmy very personal opinion. | think it's the

opi nion, also, of ny colleagues from Merck. Perhaps in 20
years we will have a different opinion, but today that's
it.

DR. VAN DER LAAN. Thanks.

Mari on?

DR. GRUBER: Yes. | just wanted to make one coment, and
think that is an FDA comment. |If you read the draft

gui dance, | think the issue of re-imunizing pups to

further | ook at potential for inmune suppression is
sonmet hi ng that even the gui dance docunent did not really
support.

W really said that these types of issues nay need to be

addressed clinically. And as a matter of fact, there are
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i nstances for maternal immunization studies where the
potential for an inmmune suppression in infants is addressed
clinically because we didn't feel that the animl nodels
woul d really give you the answer to that question.

DR. CHRI STI AN: Just a conment on your question of: Do you
need gui dance other than ICH? | think the real problemis
that the | CH gui dance covers everything, but here we're not
| ooking at a standard type of response. Because we're
really testing the effect of an inmune response on the
pregnancy, rather than in conbination with an adjuvant or
what ever other things that are in this particular vacci ne.
And it would be hel pful, because these groups generally
coul d use the guidance. And it would save you sone

t el ephone calls, perhaps. And they would have it in better
order when they come to see you, because they'd have

gui dance; rather than saying, "Ch, I'mgoing to do it every
day because that's what's appropriate for a devel opnent al
tox study," or, "I don't know that | should | ook to see
whether it crosses the placenta," and so forth.

So | think the guidance docunent woul d be hel pful,

particularly because there are so many new conpani es t hat
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are coning al ong; where the | arge conpani es, they've got
their progranms in order, but the small conpani es need sone
gui dance.

PARTI CI PANT [In Audience]: [lnaudible] from NTI Research
|"m a veterinary pathol ogi st.

And goi ng back on the sane topic of going back to the |ICH
guidelines, | would like to hear sonme rationale for
actually even neasuring anti bodi es on the nother and the
pups or in the mlk. As a pathologist, if you re concerned
with the adverse effects of antibodies or toxicity, and not
efficacy, but if you' re concerned with toxicity of

anti bodi es you would | ook for effects in the fetus by

hi st opat hol ogy or post-weaning. So you do multiple tine
poi nts. Because just measuring antibodies won't tell you
anyt hi ng.

And |I'm seeing nyself witing a report of antibody |evels
and going, "Okay, there's antibodies in the serum of the
dam there's antibodies in the serumof the fetus-" O,
"There's no antibodies in the serumof the fetus." What do

you do with that data?
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You know, | understand Dr. Verdier's point of, okay, you're
proving that you're inducing antibodies and the anti bodies
are actually passing to the fetus. But it's alnpst like a
given. | know you don't assume anything, but you get a
rabbit, that is expected that 100 percent of antibodies in
the serum of themwll pass to the fetus. | still don't
see what you do with that data.

Okay, let's say you | ook at--And then there's antibodies
positioned in the tissue of the fetus. |If there's no
damage, what do you do with that data? So |I think | keep
goi ng back, and | don't see a reason, unless anybody can
give me a better rationale for that.

DR. BARROW Just to nmake sure |'ve understood, if you
don't advocate |ooking at antibody titres, what other
measur e of exposure woul d you use?

PARTI CI PANT [In Audience]l: WlIl, you have all the data.
You have your efficacy data showi ng that you can induce
antibodies in adult animals, right? And so |'mbasically
just assuming that if you have a 100 percent transfer of
antibodies, it's a passive transfer; it's not an active

Process.
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DR. BARROW It is an active transfer. It will depend on
your vaccine in question

PARTI Cl PANT [In Audience]: Okay. So | guess you could use
that to prove, but | still don't see in the end what you do
with the data. Like, okay, we proved that it did transfer.
And what if it doesn't transfer? Then you have to re-

i mmuni ze to make sure that you have antibodies in the
fetus?

DR. BARROW If we suspect there will be exposure in the
human, vyes.

PARTI Cl PANT [In Audi ence]: Okay. Thanks.

PARTI Cl PANT [In Audience]: Are we worried about the
exposure to the antibody, or the intended inmunol ogic
consequence of the inmmunization? O are we trying to
assess the toxicity associated with activation of the

i mmune system and what effect it will have on the
conceptus, on the damcarrying the fetus to term those

ki nds of questions? Those are two different things.

W' re tal king about inadvertent immunization of a pregnant

woman at sone point in preghancy. | don't know whether you
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shoul d be doing the i mmuni zation during gestation. The
issue is--

DR. BARRON No, that is a-l'msorry, can | just
interrupt?

PARTI Cl PANT [I n Audi ence]: Yes.

DR. BARROW That's a consequence of the different
gestation | engths between human and aninmal. W have to
vacci nat e- -

PARTI Cl PANT [In Audience]: But the question is the effect
of, let's say, the cytokine mlieu after immunization

That shoul d be done during gestation. And the primary
cytokine mlieu froma primary challenge nay be different
than a secondary chall enge.

So | understand. Measuring 1gG and that tells you that

t hat speci es can make an anti body response. And if you're
worried about whether that antibody is going to cross and
cross-react with sone fetal tissue, that's a question, and
certainly that nakes sense.

But if you're worried about inadvertent administration to a
pregnant woman, that's a different question. Then we can

go down the path of saying, oh, it could be different on
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any given day of gestation. And then none of these npdels
really address that question. So I'mstill back at: What
is the question?

DR. CHRISTIAN. | think Paul will probably back this up
The idea of getting to the naxi muminsult, the maxi num
exposure, and to have that over the extended period of
gestation, at least frominplantation to, let's say, the
end of the fetal period, that's to address inadvertent
exposure, by having that maxi mumresponse over all of those
di fferent days.

The only other way to do it is to do it on each of those
days, which is the approach sonetines taken when you have
two or three days, and then you do it another tinme during
gestation, and two or three days. The other question
though, is if it's intended exposure. And that's a

di fferent case.

PARTI CI PANT [In Audience]: Well, intended exposure if it's
during--You know, again, the primary should be given
during? You may do another arm where--

DR. CHRI STI AN:  Yes.
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PARTI CI PANT [In Audience]: | think the GSK person
ment i oned doi ng where they i nmuni ze prior to, and then have
anot her group where they do it on day six only. That
seenmed |i ke a reasonabl e nodel approach to nme, al so.

But i nadvertent administration--Again, are we worried about
the i ntended consequence, the high antibody titre andits
effects on the fetus? Are we worried about the bystander
ef fect of the adjuvant and the hyper-i mmune response that
we're trying to induce to get that antibody response?

DR. VERDIER | think we worry about both. M first
feeling is that the first risk is an interaction with an

i mmunosti nmul ati on which would trigger sonething abnormal in
the pregnancy status. That's my first fear

But in sonme cases, perhaps very rare cases, antibodies can
per haps have a harnful effect, as is the case--question
mar k- -wi t h per haps neni nges- B pol ysacchari de vacci ne, even
if we have never been able to show any relation with these
anti bodi es.

DR. VAN DER LAAN: May | add a question in this respect?

Do we need really the measurenent of the antibody in the

fetus? If we know, based on the data that Paul has shown
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and data known fromliterature, that certain types of 1gG
will cross the placenta, the industry has to prove that
every time again, if there is no further consequence to be
expect ed?

DR. BARROW | think we need that data to justify our

choi ce of species. As you saw with the data | presented,
with different vaccines we did find different I[evels of

mat ernal antibody transfer. So we used that data to
justify our choice of species for the main study.
PARTI Cl PANT [In Audience]: | have actually a very
provocative question. Wen | think about the inadvertent
adm nistration and the reality that the ani mal studies -
Basically, animals lie, and you can't really rely on a | ot
of the data that you get from ani mals.

So the provocative question is: |Is the information that
you're going to get fromthe animals nore rel evant or nore
useful than the information you would get fromthe
pregnancy registries? And maybe the pregnancy registries
shoul d be something that is pushed nore. Very provocative

guesti on.
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DR. VAN DER LAAN: Very provocative. Wo wants to give a

first response?

DR. GRUBER: | would like to give a response. | don't
think that this question is provocative at all. | really
think that we need both assessnents. | really don't think

that we can do away with devel opnental toxicity studies and
wait until we have exposed pregnant wonmen to get pregnancy
registry data. | think we have to attenpt to address the
potential for any adverse effects of the vaccine induced in
a potential pregnancy situation with all nethods that are
available to us. And in my opinion, that includes
preclinical studies.

DR. VAN DER LAAN: | will add to that that, indeed, in this
way, as a conpany, you are requesting for every physician
treating pregnant wonen to do an NS1 study, w thout any
control. So that's the real background.

We have to be aware of the fact that we are not devel opi ng
gui delines for the old products that are reasonably wel
characterized thus far. But we are devel oping or witing
gui del i nes for products which in many cases are recomnbi nant

vacci nes or genetically changed, and that type of stuff.
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So you first have to characterize that type of risk. And
it's not very ethical to do that directly into humans.

MR. THOMAS [l n Audi ence]: Larry Thomas, Avant

| mrunot her apeuti cs.

A lot of the discussion has centered on the assunption of a
per enteral vaccine. | was just curious about the feeling
of the panel on if there would be any expectation of
different end points or design for a nucosal vaccine?
Assumi ng of course that there is a case by-case assessnent.
DR. VAN DER LAAN. Who will take this question?

DR. GRUBER: | don't have an answer. | can just tell you
that we're going to be discussing this question, if we
should really be requiring devel opnental toxicity studies
for vaccines that are mucosally admnistered. W'Il be

di scussing that, but we haven't really been arriving at a
concl usi on.

| guess the point, again, is made, you nmay have a nucosa
exposure, but you nmay al so then get system c exposure. And
again, you will have a system c i mmune response induced.
And so | think you can nmake a case for requesting a

devel opnental toxicity study.
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But | think that goes a little bit into the area that |
don't think that we can really discuss here. But | think
there is one question that the agency al so has to discuss.
And it is really taking another | ook to say, "Do we really
need it for every product? O could there be cases where
there are exceptions to the rules?" And | think we need to
discuss it. But at this point, | don't think there is any
regul atory stance that | could give you.

MS. HOLMAN [In Audience]: Lisa Holman [ph], from

G axoSmi t hKl i ne.

Yesterday | asked a question about multiplasm d vacci nes.
And | was told that for toxicity testing we would need to
consider those individually. Well, for repro-tox, when we
| ook at reconbi nant vaccines and |live viral vaccines, what
we're looking at is the mxture of epitopes, maybe T cel
epitopes. And we nount a polyclonal hunoral response.

I f our devel opnental studies focus nore on the i mrune
response for nulti-conmponent DNA vacci nes where we are
going to nmount a cell-medi ated i mune response to a variety
of different T cell epitopes and the polyclonal response,

isn't it nore relevant to look at it as a whol e product
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when we are | ooking at antigenic conpetition; and take
Francois' tiered approach, that if we do see sonmething with
t he conmbi nati on product, that we then go back and | ook at
it mechanistically in a single plasnm d situation? Could

t he panel comment on that?

DR. VAN DER LAAN: Wio is taking this question? Francois?
DR. VERDI ER; For me, it's quite obvious that we are
testing the final vaccine with the adjuvant with a

di fferent conponent of the vaccine. And then, if we find

sonet hing, we can go further. That's all | can say.

DR. GRUBER Yes. | would have to think about this a
little further. And I don't know if--1 probably don't have
a good answer here right now. But in a way, | nmean, why

are the issues so different at that point? Mybe | just
don't understand your question right. But, yes, | don't
know.

DR. VAN DER LAAN. Can you give why your problemis

di fferent from what we have handled thus far?

MS. HOLMAN [In Audience]: Well, | tend to think that there
is a case for actually testing the whole vaccine in a repro

study. But | guess |'m answering my own question in that,
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if I were to ask the question of were we going to have to
do repro-tox on separate plasmn ds.

The question yesterday was we're going to have to do
repeat-dose toxicity on separate plasnids, even though
they're going to only be adm nistered, ever, in a single
product. So with the answer to that question yesterday,

" mguessing that the response will be that they will want
indi vidual plasmd repro-tox data. And | don't think it's
relevant to generate that. So |I'm asking you to consider
whet her, as a repro-tox panel, you think it's appropriate
to test them separately, or as a conbi nation product.

DR. VAN DER LAAN: Is that a different answer? | would
suggest that we should know nore fromthis product, to give
a nore precise answer. Apparently, you have sonme of your
concept in your mind that's not easy to explain in this
way.

DR. CGRUBER: That's perhaps true. And please, do not take
this as a regulatory position, but if you are required-and
we heard this yesterday--to do separate preclinical studies
to evaluate the safety of the plasm d [inaudi ble] and then

the plasm d containing the antigen or genes for the antigen
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of interest, you have already then that battery of
preclinical data. And so then it would be conceivable to
me that you can go into the reproductive toxicity study
with your full product, because you have the other
preclinical data. Gkay? But you know, this is a very
novel question. And we will take this into consideration.
MS. HOLMAN [In Audience]: Thank you.

DR. VAN DER LAAN. There were two questions there. Yes.
PARTI Cl PANT [In Audience]: Yes. Regarding the registry, |
think that can be done as part of the clinical devel opnent.
So as we do at Merck during the devel opnment, we coll ect
data in pregnancy, and that can be used at the end before
licensure to provide and list the initial database on that.
The second comment is regardi ng your question of whether or
not we shoul d neasure antibodies in the fetus. And |I'm not
convi nced of the relevance of any animl nodel that we're
going to use. And so | don't really know how we're goi ng
to extrapolate the data you're going to get in any ani nal
nodel to what's going to happen to people. And so, |'m not
sure this is going to help you at all

DR. GRUBER. Can | give this a shot?

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

- 267 -



DR. VAN DER LAAN:. Yes.

DR. GRUBER: | think when we wote the guidance and we said
you shoul d evaluate, or you should | ook for antibodies in
the fetus, | think where this was conming fromis from
vacci nes indicated for maternal imunization where you
really want an anti body transfer to the baby to protect it
from neonat al di sease.

And | think the ability to also denponstrate anti body
transfer then in an animal nmodel fromthe damto the fetus
was really like a proof of concept issue, to say that you
can denonstrate that you are able to show this; you know,
keeping in nmind, of course, the linmtation of an anina
nodel .

But Carlo, don't you face the sane problemif you develop a
vacci ne candi date, some preventive vaccine that you give to
a non-pregnant popul ati on, and you do your proof of concept
study in an animal nodel to see that your candidate is

i mmunogeni ¢ and has the desired effect? And | think that's
sort of why we wote it that way.

PARTI CI PANT [In Audience]: Right. | do understand the

guestion if it is an efficacy question. | don't understand
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the question if it is a safety question. So | understand
why you put it, because you want to nmake sure the intent is
to have an antibody in the serumof the fetus. So it nmakes
perfect sense in that case to go and test it, because
that's in the intent.

But if you're just fishing for toxicity, it doesn't nmke

any sense to me to go and ook in the fetus, because |I'm

not sure the data are relevant. But | understand your
poi nt .
DR. VAN DER LAAN. Yes, | can agree. | have the sane

feeling in asking for the toxicological elements of this.
First, is this so, what Dr. Barrow said, the exposure? And
exposure can be different fromdifferent vaccines. And the
second point is then what Marion now indicated, that the
exposure m ght have al so effects that you want, intended
effects in the neonate.

O her question?

MS. SAEGER [In Audience]: Polly Saeger, from N Al D/ N H.
Maybe |'ve m ssed sonmething here today. And it's entirely
possible | did. But I'mthinking about, you know, we're in

the government; we're hel ping various sponsors devel op
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vaccines. And I'mright now responsible for setting up
some of the resources to help with devel opnent of

bi odef ense vacci nes.

So I'mthinking, we're setting up these assays that would
be required before we would go into phase IIl trials and
what ever. | n my experience, before when we were setting up
assays, we've gone through a phase of trying to validate
our assay, or at least make sure it's standardi zed. And
part of that includes |ooking at negative controls and
positive controls.

And what | haven't heard here, | don't think, is what |
could use with working with my investigators and
contractors in setting up these assays as a positive
control that would be appropriate for testing vaccines.
mean, did | mss sonmething, or is there a vaccine or a
vacci nation schedul e that can be used as a positive contro
in this kind of repro-tox assay?

DR. VAN DER LAAN: Your question is a double question.
Referring to the use of a positive control and for the

positive control standard, for that positive control
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thi nk every vaccine has its own schedule. But for that
vacci ne you have a standard- -

MS. SAEGER [In Audience]: No, no. No, |I'mnot talking
about --When you're setting up an assay, okay? So if
sormeone has not been doing this before, necessarily, or I'm
hiring a contractor to do repro-tox testing on an anthrax
vacci ne, okay? |If it were a drug, | would ask themto show
me data that they have been able to show a positive effect
from sone standard, known drug that causes the

devel opmental toxic effect in this assay, so that | know
their assay works. Because you have to be able to show an
effect in a study.

Ken, do you know what 1'mtal king about? So for the
vacci ne studi es, what would you reconmend as a positive
control to be used in the assay?

DR. HASTINGS: Well, in a standard repro-tox study for
drugs, you don't use a positive control.

MS. SAEGER [In Audience]: You don't. But before | would
hire someone to do that, | would want themto show nme data
that in their hands they can get a positive result.

Correct?

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003-2802
(202) 546- 6666

-271-



DR. HASTI NGS: Ri ght .

MS. SAEGER [In Audience]: So if you received data from
sormeone you' d never |ooked at data from before, you woul d
want to see that. So | nean, if you want to set this up
and do it, what can we use? Oher than rubella, are there
any others?

DR. VAN DER LAAN. As far as | know, your question is a
val i dation of the nodel.

MS. SAEGER [In Audience]: Exactly.

DR. VAN DER LAAN: And | think there are nore people in the
audi ence that are asking for that. | think that in all the
di scussi ons that we've had on the rel evance of the anim
nodel s, that that's a very difficult issue. If you have to
sponsor sone researchers, | think then you have to keep in
m nd that such a particular safety study should be done
under GLP. And so you should go to a conpany that is able
to do a GLP and has control data and so on, and is doing
the right job. That's ny interpretation

MS. SAEGER [In Audience]: | understand all of that.

DR. VAN DER LAAN:  Yes.
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MS. SAEGER [l n Audi ence]: The question is, other than
rubella, is there any evidence that any other vaccine
tested in this kind of system has caused a positive effect
in the kinds of devel opnental tox studies we have seen

her e?

| believe Dr. Christian showed one that you said was
related to the adjuvant.

DR. CHRI STI AN:  Yes.

MS. SAEGER [In Audience]: And what |I'masking is, of al
the other studies that people know about that have been
done, can anyone give me--1 don't want the details, but
tell me, have there been ones that are positive, weakly
positive, strongly positive?

DR. CHRI STI AN: Not that we've done. And we've probably
done the nbst, so | guess you can't even use us. But |
woul d say that what you want to look for, if we're going to
restrict it to the usual devel opnental tox end points, you
want to know that the lab historically has experience
conducting that; that they've worked with the species and

can observe those end points in that species which is
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responsive to your vaccine; and that they may have ot her
conpounds that show simlar things.

| was just thinking, for exanple, if we're |ooking for

i mmune response, you might even | ook at sonething |ike, do
you have evidence of uncoupling agents, for exanple, which
cause fevers in animals. | could show you that and say,
"Well, this is one potential thing that could happen as the
result of the vaccine, and here is an effect of having a
fever."

But it would be very difficult, since we don't have a

vacci ne, a therapeutic vaccine, that in my experience--and
I don't know, mmybe Paul has one, or one of the conpanies
has one--that has had an adverse effect. It would be
awfully difficult to do that as a positive control. To the
best of ny know edge, there isn't one.

And the sanme applies to drugs, though. Because having a
positive control drug merely identifies that you can
identify sone end points that change. It doesn't
necessarily nean anything at all relevant to the new drug
entity.

MS. SAEGER [l n Audience]: Precisely.
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DR. VERDI ER: Just to answer indirectly to your question, |
t hi nk we have sone data regardi ng adm ni strati on of
cytokines in animals.

So Paul, | don't know if you want to comment. But it's not
directly a vaccine, but you can inmagine that your live
virus will trigger a cytokine release. And we know t hat
cytokines in mice, and also in humans, can trigger
abortion. So it's indirect proof.

MS. SAEGER [In Audience]: Okay. But what I'd like to
suggest, then, is that nmaybe FDA in their guidance set this
up to take a look again at this after sone period of tine,
that if we' re doing--everybody, all the sponsors, are doing
these repro-tox studies--that after a period of three to
five years, or "X'-nunber of vaccines in specific
categories have been | ooked at, that the FDA reeval uate
whet her or not to continue to require the studies.

Because | could see that for sone categories of vaccines it
could be a real issue. For other categories of vaccines
you may find that there is no evidence after "X'-number of
vacci nes through that you've ever seen anything; in which

case | would think you m ght want to reconsider it as an
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absol ute requirenent, and do it only as a case-by-case

basi s.

DR. GRUBER: Yes. But now you raise two entirely different
points. But | think we all agree with your |ast statenent
made, that with experience cones wi sdom and at that point
we can reeval uate our approaches. And | think FDA has been
doing this all along. But your point is well taken.

DR. BARROW |'d just like to add one point. Wy are you
consi dering vaccines to be different to any other

t herapeutic class? Wuld you, for instance, sa when you
want to place a study to test an antibiotic, would you say,
"I want to see positive studies with another antibiotic"
bef ore goi ng ahead?

MS. SAEGER [In Audience]: Personally, if I'mgoing to
spend noney on a study, | want to know that the person, the
group, that's doing the study has positive results.

thi nk we know for many of the drug classes, if not all of
the drug classes, or a whole bunch of them | nean, the
reason you do repro-tox is because things have come up

positive.
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Now, whether or not that totally correlates with what you
see in humans is a different story. But at |east you know
you have an assay that can give you a signal. And so far,
in these vaccines, other than rubella--1 nean, | guess it's
going to take devel oping a database to see if this kind of
study gives a signal.

MS. BENNETT [In Audience]: | actually want to nmake a
comrent about that lady's comment. Sorry, I'mJillian
Bennett, from Australi a.

| was a little bit surprised. Because what we're doing in
our conventional toxicology studies that we spoke about
yesterday is, we're not actually trying to target a nmaxi mum
| ethal dose, or anything like that, because we' ve

recogni zed that they're vaccines, and we're not trying to

i nduce intentionally a toxic effect. So we put in a dose
that we think gives us a margin of safety. And in terns of
repro-tox, | actually took it fromthe sane sort of

per specti ve.

In terns of the guidance, | think that | actually have to
say, in terns of mapping out our product devel opnment

program | found it really helpful to have sonething
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additional to the ICH guidance. Because it gives us sone
perspective to think about with respect to vaccines.

It probably would be helpful if we separated out those
vaccines that were intended for wonen to be vacci nated

duri ng pregnancy, versus those who nmay be unintentionally
vaccinated. And | think that would actually bring sone
clarity then to sponsors, in ternms of their understanding
of what's required.

| think the other thing is that, in terns of the category
of the vaccine, probably vaccines that are reconbi nant,
sub-unit vaccines, adjuvanted with sonmething Iike alum you
know, people are probably--W have a |ong history of use of
al um but, you know, there is sonme specul ati on about the
safety of that. But they are antigens that are naturally
expressed during infection

And so | think the epidem ol ogy and understandi ng of the

di sease and the sequel ae of having the disease are also
very useful in terns of what we may want to incorporate.
But again, | think that's probably defined quite well in

t he guideline.
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| think fromny own conpany's perspective, where we have a
novel adjuvant and it is sonething that we don't have a | ot
of experience with, | think it would be inmoral if we
actually didn't make sone sort of attenpt to understand the
devel oprmental toxicity of that. And perhaps, if we do give
a rabbit a 15-fol d-hi gh human dose, it mght actually also
be useful to give the equival ent human dose on a mlligram
per- kil ogram basis, just to give us an understandi ng of
what the background | evel is versus an extrene |evel.
Because in our normal ani mal nodel s where we set our

dosi ng, we've probably given them-you know, alnost tried
to mimc what a human dose would be. Thank you

DR. VAN DER LAAN. Ckay. Thank you.

I think, the |ast question.

PARTI CI PANT [In Audience]: Okay.

DR. VAN DER LAAN: It's five o'clock

PARTI Cl PANT [I n Audience]: ©h, okay, very quickly then

We' ve been speaking a | ot about 1gG and trans-placenta
transfer. And when we address, though, working with live
virus, that then becones the concern about the transfer of

the virus, in fact, across the placenta. And there are
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very rare reports of human neonates and IgM And
therefore, the conclusion being that the human neonate
probably did see the virus as the result of inmunization of
the nmother with a live virus.

Not being an i mrunol ogi st, please deal with my technica
guestion here. Wuld it be technically feasible to think,
okay, allow the pregnancy of the damto go forward and
either the pups or the kits, whichever species you're
using--Wuld it be feasible then to nmeasure, given the
differences in the i mmune response? This is nmy question,

t hough. Could we have a surrogate marker, such as the rare
report, as we see, of IgMin human neonate? |s that just
not really possible?

DR. VAN DER LAAN. Are there technical persons in the

audi ence who can answer this question?

[ No Response.]

DR. VAN DER LAAN. On the panel? No. W have to think
about it.

[ Si mul t aneous Di scussion. ]

DR. VAN DER LAAN: We don't know
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MS. HOLME [In Audience]: Risa Holnme [ph], from

G axoSmi t hKl i ne

We have had a live viral vaccine where we've evaluated the
ability of the virus to cross the placenta. And we

eval uated the sort of standard repro developnment end
points. And since we did PCR on a significant nunber of
pups and we didn't see any devel opnental tox, we felt that
it was adequate to stop there. So we have had experience
of actually doing PCR in mce studies following a live
viral vacci ne.

DR. VAN DER LAAN:. Ckay. Thanks.

Thanks for the audience for this discussion in this |ast
hour .

| guess, to Marion or Mercedes.

DR. SERABIAN: 1'd like to thank everyone for coning and
staying. |'mnot sure, per se, consensus was reached today
on certain itenms; but certainly, sone stinmulating
conversation, and a |ot of issues for us to take back and
t hi nk about.

Do you want to add anything?
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DR. GRUBER: | thank everybody for coming to this workshop
and participating in the discussion. That was very
hel pful. And thank you very much again. 'Bye.

[ Wher eupon, the workshop was adj our ned. ]
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