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DR. NAKHASI: | have a question. Wat would you
say about the sensitivity and specificity if you conpare
NAT versus the serol ogical because we know serol ogi ca
tests, they have a |ot of problemw th specificity.

DR. LEIBY: | think, in this case, the
sensitivity and the specificity in this is quite good.
Because of the sequences, you can identify with the
ki netoplasts so it really can be quite specific as well as
| showed you sensitive.

There are problens with serologic tests with sone
cross-reactivity with other agents and, certainly, the
fal se-positive level plays into that. But we have seen
enough cases where individuals are clearly serologic
positive but PCR negative, NAT negative. So if you just
had a NAT test alone, you would m ss those individuals.

DR. BUSCH. Any work with | eukoreduction? Does
that renove those organisns, the | eukocyte filters that are
bei ng "universally used?"

DR. LEIBY: To ny know edge, there is one
publ i shed study that |ooked at that. Wile it knocked the
nunbers down, certainly decreased it, it didn't elimnate
all the parasites. Now we going to go back to the sane
story. |If one gets through, that is one too many. It is

certainly that as well as pathogen activation is another
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i ssue that sone people have raised as a potential for
elimnating T. cruzi.

DR. NAKHASI : Thanks, David.

| think the last talk is detection of possible
bioterrorismagents in the blood, Steve Kerby. | think you
better be sure and finish in twelve m nutes.

DR. KERBY: No trouble.

Detection of Possible Bioterrorism Agents

in the Bl ood

DR KERBY: Wen | was first asked if | could do

this talk, | said sure. | said, "Wat do | have, an hour?"
And they said, "No; you have fifteen mnutes.” So |I guess
| have five. But no worry. | amone of the first people

in the world that can probably give an hour talk in five

m nut es.

[ Slide.]

Basically, what | want to do is tell you about
detecti on of possible agents, not necessarily all-inclusive

as has been done here before. Wat | basically want to say
is nost of ny work was done at the Diagnostics Systens of
USAMRAD at Fort Detrick. | have only been at FDA for a
short while. Also, | was invited to give a talk here to
the FDA not | ong ago when | worked there and so, basically,

if you have heard this before, if you are in the pangs of
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maj or caffeine and carbohydrate deprivation, you can
probably go ahead and | eave while ny back is turned.

[Slide.]

Basical ly, USAMRAD is | ooking at all kinds of an
i ntegrative approach for diagnostics, all kinds of classic
m crobiologicals. It is not necessarily equal because ny
preference was in these two areas, maybe not nmuch with
sanpling but definitely within rapid diagnostics.

At USAMRAD, we did both what they call floored
depl oynent which is a rapid diagnostic test and we did
confirmati on which was a nore sensitive or may take | onger
to devel op.

[Slide.]

How we would use it here is basically maybe the
di agnostic tests that are devel oped at USAMRAD coul d be
used in donor screening whether it be blood or even saliva
or a quick screening of the donor. Maybe the confirmatory
test would be definitely probably within the range of the
hi gh specificity. Again, this is probably not nutually
exclusive. It probably could be done both ways.

[Slide.]

My first comc relief is probably this little
sign here; which way do we want to go with rapid
di agnostics? W are probably pretty good at being

scientists that we have a point we want to get to so we
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pl ot out our strategy. But there are actually a |lot of
nice scenic routes out there that naybe don't | ook at one
little area. Think about expanding. Look into the

bi oterrori smagents.

[ Slide.]

The qui ck existing challenge that we had before
was basically nost of the stuff that was in the old days,
it would take about two to four hours to do speci nen prep.
Amplification was generally one to two hours and detection
was one to two hours al so.

Qovi ously, we want to change that. So,
basically, we have a quick specinen and we are going to do
it inless than five m nutes and maybe do a hand-hel d
device. The Spot McCoy at StarTrek recorder would be a
great idea.

[Slide.]

What we have now is actually what we are trying
to | ook at, process, anplification, detection all in one as
a floored deploynment. Wen this cartoon was made al nost a
year ago, it was a prototype thinking about it. As it
turns out, in the last couple of nonths, USAMRAD has
actually been working on this device. It is as third-
generation MAT-C from Law ence Livernore National Lab

[Slide.]
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Al so, they found they had | ots of problens with
them as in this case, what they could do for specinen
processing. The idea is that they could go ahead and take
whol e bl ood and put it into separate--a |laboratory in a
box, if you will.

[Slide.]

Typi cal speci nmen-processi ng opti ons we generally
have are |like the autonated work station people have seen
before. Everybody has got one. This is a Kaigen CY 600.
There are other ones with a portable device. Hohawks was
bought out. Extrana or Visible CGenetics or it doesn't
matter. It was sonebody. And we have paper-based nessage
whi ch are S&S isocards, isoreaders.

[Slide.]

Cbvi ously, the gene-anplification section option,
forenost was the Perkins-Elnmer Bi oSystem which you have
heard about. It has been comercially available for the
| ast six years. USAMRAD had it about ten years ago. They,
at first, didn't like it because it was too slow, too
heavy, too |large, too expensive. They prom sed that it
woul d be a real -tinme anplification and, ten years |ater
they still didn't do it. | have heard now they basically
have a new machine out. | think it is 9700, 6700, which
actually does do real-tine anplification

[Slide.]
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The typical chem stry, which you all know about,
is the two-priner systemw th a quencher and reporter. As
you anplify this, the reporter gets clipped away fromthe
guencher so you have a |light em ssion. Last night,
sonebody said they had eight. | thought there were only
five. There are only five | know about. | would like to
know i f there are eight.

[Slide.]

Typical of real-tinme anplification, you would
have what they call a cycle threshold. You would run this
for a nunber of cycles. Then, when you start seeing a
decrease away fromthe baseline and this is what woul d be
called a threshold cycle where you woul d actually determ ne
it being positive. The trouble before is that you had to
run 34, 40 or 50 cycles and cone back and re analyze it, so
it wasn't real -tinme. They are doing it now.

[Slide.]

So what we have is we actually we have ot her
machi nes. Here is a Cepheid Smart Cycler, about the size
of a battery. It is a real-tinme diagnostic tool. It is a
16-chanber unit. This is what the Arnmy has been using as
their field device. It is called the XC. Again, the sane
t hi ng, your 16-chanmber unit for doing PCR

[Slide.]
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This is Idaho Technol ogy, which, if | am not
m st aken, Roche bought out recently. Again, it doesn't
matter. This is what the Arny has been using for actually
poi nt detection. It is a typical light cycler which used
to be the I daho Technol ogy's LC50 which put to recordize a
chanber

[Slide.]

Agai n, you could probably get this off their
internet since it is pretty nmuch their characterizations of
Cephei d of |Idaho Technol ogy. The TagMan was a typical 96
well. They are tal king about changing to a 384 format.
Cepheid is pretty much 16 cycles but can be piggybacked on
up to four nore units onto one conputer. |daho Technol ogy
is 32 sites on one conputer, again nore characteristics.

[Slide.]

Agai n, USAVRAD s idea of possible disease
threats; it is quite a variation. There are |ots of
i nfectious diseases. There are lots of biological threats
whi ch you have all heard about. [|'d |ike to |let you know
there are 58 nore that USAMRAD has actually been | ooki ng
at .

[Slide.]

This is CDC s Category A which is the three
categories. The only reason | highlighted it is this is

where nost of the enphasis is being put on because it is
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either a--because it is Category A, it is probably a very
lethal one. It is highly infectious. Two or three of them
whi ch are highly contagious. But | don't want to
necessarily harp on this, the point being is would you
really want to do a |lot of work on sonmething that the
patient may be dead in two days, anyhow. So would you
rather have a transfusion-transmtted disease? | don't
know.

But, again this is probably what people are
playing with the nost so the idea is you probably would
have to | ook at it.

[Slide.]

Rapi d-identification approach at USAMRAD. | just
want to basically show you that there are all Kkinds of
stuff they have been working on for all kinds of diseases.
Basi cal |y, | ooking ahead, we have got prinmers for
everyt hing, and even things that haven't been deci ded yet.

[Slide.]

So the trouble is we are |ooking at it, and we
are trying to avoid technol ogi cal surprises. So,
bi omarkers, nost people, you could |look in the literature
and at USAMRAD, also. A lot of the work has been done on
the specific virulence markers. A little bit nore, maybe,

on genus and species. But we are just basically scratching
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the surface. W want to go deeper into and get nore
diversity and depth into it.

Common pat hogeni ¢ markers woul d be a good one.
Host response would be a great one, too. Typical things,
you tal k about, well, you talk bacterem a, you talk
virema. Al these are the result of sone sort of agent or
i nfectious disease but, as soon as it gets to that stage,
pretty nmuch the body is responding the sane way. So it
m ght be a good way to | ook at markers that actually not
necessarily say what the disease is but say sonething is
going on and then just |ook further.

[Slide.]

Again, ny second comc relief is the idea is just
to avoi d technol ogi cal surprises.

[Slide.]

Basically, what | want to do today is hit three
different areas. W took a spore-forner bacteria and a
virus basically just to | ook at our proof of concept of
taking the typical gel -based thydi unbrom de stain and
taking it to a Tagvan nmachine and then later on into a
Cepheid light or a light cycler.

[Slide.]

Again, if you have read the newspapers and
wat ched CNN, you are an expert now on anthrax. So you

don't need to knowthis. Pretty nmuch what | wanted to do
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is just basically tell you the targets we are | ooking at.
Pretty nmuch, we are |ike everybody else. W are |ooking at
the virulence factors first using themas a tool.

[Slide.]

Agai n, plague. The only thing | want to point
out here is Yersinia pestis which is plague-associ at ed,
there is a unique plasm d which has lots of different nice
little genes. It is used for a tool. Yersiniosis, which
we are not as much concerned about.

[ Slide.]

And then the virus we are | ooking at are Ebol a
and Marburg. W are looking at--1 want to backtrack. The
idea is that a | ot of work was done on small pox and |
didn't want to present it because it wasn't ny data and |
al ways |i ke presenting ny data.

[Slide.]

So we were going to hit alittle bit of the
viruses. Again, a typical genomc anmplification. W are
| ooking at targets that were either in the biochem stry
aspect of it or different protein profiles.

[Slide.]

Nobody cares about goals. So, basically what |
want to dois we will go on alittle faster. You may or
may not be able to match it. 1t all depends on how ruch

nmoney you have.
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[Slide.]

Basically, the typical design is we want to take
those priners that are already in existence for the gel -
based approach and go ahead and put it into the TagMan.
This is pretty nmuch your rule of thunb of what is avail able
out there.

[Slide.]

A typical profile again as you | ook at the
different concentrations. Let me back up--okay; different
concentrations. Wat | did here is just to showyou I |ied
when | said all these slides. Basically the idea is this
is a sunmary slide. W took all those things and first did
a primer protodesign, ran it and then we backtracked and
sai d, okay; can we optimze this nore fully, develop a CT
faster, a threshold or even nore robust.

We did a |lot of work of changing priner design,
primer concentration, priner probe, nmagnesiumchloride, Taq
pol ynmerase. You nane it. Major process. Mjor anmount of
work. For all that work, we virtually have nothing to show
for it.

So, basically, what is happening, the threshold
cycle is the same regardless. |If you | ook at robustness,
there wasn't nuch difference between the two concentrations

pre-optimzation versus post-optimzation. So this
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Bacillus anthraxis one was a conplete di saster for us.
But, again, it still worked.

[Slide.]

Nobody cares about gels, either. Just the idea
is that we have fluorescence and the idea is that it was an
anplifiable product that can be seen on a gel.

[Slide.]

Then, again; sorry it is kind of dark. This is
just a sunmary of what | said before. |If you |look, the CT
val ues, the threshold cycle, is pretty nuch the sane
regardless of if it is optimzed or after optimzation.

You | ook at fluorescence. Really, not nuch changes. Maybe
alittle bit slightly so. A lot of work for nothing.

[Slide.]

Going into Yersinia pestis, on the other hand,
was a major difference. W didn't know this beforehand,
but the point is if you | ook at the difference between what
we call the preoptimzation versus the postoptim zation--
here is the pre, there is the post.

[Slide.]

Again, looking at it, the CT didn't change nuch
but the robustness of the assay did. So, in that case, al
that work we did to it, the technicians didn't go up and
quit on us.

[Slide.]
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Again, the gel. Nobody cares.

[Slide.]

And a summary of the page is pretty nuch we,
again, we sawthe CT is the same. But, again, if you | ook
at the actual readings of the fluorescence, mmjor increase,
a maj or robust assay difference.

[Slide.]

Yes; again, | hat to say this is the way we do
it, but the point being is that even at USAMRAD, nobody
likes to give us material. Even within the sane division,
even in each departnent, you have to fight, plead, beg,
steal, whatever the case nay be to get sone of their
material. So basically, we had to do what | call proof of
concept, obviously.

So what we did was, even though | hate it, you go
ahead, we spiked blood to show what happened. W spi ked
some serum Again, good assay.

[Slide.]

And we spi ked the plasma, getting good assay, no
changes.

[Slide.]

Future strategic plans. Again, this is probably
badl y worded, but the point being is | wanted to say is
t hat even though USAMRAD has a | ot of stuff, CDC has a | ot

of stuff, sone of it doesn't get out into the public
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information. Wat we would |like to do is see, actually
evaluate the risks. Back in ny pre-FDA days, | used to

| augh about, it would be great to have sone hunan trials
done especially with the | ethal agents, maybe vol unteer
sone |lawers to do it. The trouble nowthat | amw th FDA
| find out that we probably will have to go and chal |l enge
that as being really a human tri al

Then eval uate existing NAT detection and BTA
agents. W want to do nore of that. Wat is out there
already? Can we adapt it toit? Can we take the non-
bl ood, as we say? A lot of the stuff is done with soil,
water, air, food, fully adapted into a bl ood system and
then the biggest point of this is what can we do now? What
is out there?

We talked a | ot of stuff about H'V, HCV. W are
| ooki ng at nore energi ng pathogens. Let's go ahead and
| ook outside the box, as they say, or, as ny cartoon
showed, maybe not take the sane pathway, do a different
one.

The final thing, which | lost, is basically, as
has been said before, we have three outbreaks every tine
there is an outbreak. There is an outbreak of the disease.
There is an outbreak of fear. And there is an outbreak of
nmeeti ngs, which, apparently, this is, |ike, one of them

That is why they invited ne here.
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But | wanted to use this opportunity, actually,
to sort of plead with you. | amnot sure FDA wants to be
the hub of a wheel but we definitely don't m nd being the
spokes of sonething, the spoke between the wheel. So the
idea is that if there is something out there, if sonebody
would Iike to take the | ead and actual ly devel op nore
synposi a, getting nost of these people, getting USAVRAD to
maybe conme and di vul ge sone of this information that we are
not supposed to do--or, I'msorry; they are not supposed to
do.

The idea is that this is basically what it is,
sort of a plea to get out there and start getting this
coor di nat ed.

That's it.

DR. NAKHASI: Thank you, Steve, for a very
hilarious and com cal experience. | think everybody woke
up fromsleep. | think that is very nice, a very nice,
really, presentation. Any questions, now, on the serious
si de?

DR. BIANCO | liked very nmuch this session, but
| would |ike very much to hear what is your feeling in
terms of bioterrorismand blood. What are the issues? |
think that we are kind of secondary in this chain because
of the way we work because our |ots of product are so

smal | .
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But what is your feeling as you discuss those
t hi ngs?

DR. KERBY: You are probably right. Wat | tried
to hit onis, if you look at the three different
categories, | hate to say not to look at it, but I would
really like to see nore people ook at Category C, if you
| ook at the CDC. So the hanta viruses, Denghi fever, stuff
t hat does have a |l arge window period to the point that it
actually may be used.

The idea of CDC is--well, USAMRAD s al so--is that
the first category is probably the nost dangerous because
it is lethal, but the point being is howit is going to
effect us is probably not as big. | don't want to say not
| ook at it because you can actually use this since this is
where maybe nost of the noney is at USAMRAD and maybe
el sewhere. You are going to have to follow the noney
trail.

But, while you are | ooking at one organi sm why
not | ook at something that is related to it, another
organism There are a |lot of surrogate markers out there.
Go ahead and show proof of concept with the surrogate
mar kers first and develop it nore.

So, to answer your question, | would say | would
not elimnate thinking about it, obviously, because the

bioterrorism perhaps, with two or three days, you may not
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worry about it for a blood transfusion. But | would
definitely, as has been pointed out before, the major ones
in Category C and maybe sone in B are major, nmay be nmjor,
probl ens. And these may be as |ikely because, again, ny
pai d political announcenent is the idea that if we had to
have an outbreak, | was glad it was anthrax. | amsorry
for the el even people who died, but eleven deaths in a risk
analysis is not very good and the anmount of benefit we nmay
be fromthe actual outbreak is going to really exceed what
we coul d have gotten ot herw se.

Again, if you read the paper, it used to be there
are 470,000 di fferent people or individuals had ant hrax
spores. And then you read the paper later, it is, like,
okay, it is the Anes strain now and now we are pretty nuch
down to, like, 10 organizations and now we are pretty sure
USAMRAD i s the one that dissem nated this.

Vel |, USAMRAD did dissem nate a |ot of stuff but
it was pretty nuch | aboratories that knew what they were
doi ng but the point being, and what the paper doesn't say,
is the Anes strain wasn't the Anes strain. It was
sonet hing el se before 1985, so the point being is sonebody
may have sonet hing--1 am not saying they are not going to
track it down. So |I am probably getting off on anot her
tangent, but the point being is you really don't know what

is out there until you start getting nore material. Don't
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| ook at one organism Look at bunch of organisns. Try to
find surrogates.

Present data and maybe put sone pressure on--|
hate to say it, USAMRAD was pretty much a closed fist for
gquite a while. They started opening up before this | ast
terrorist attack and they have gotten very busy. So they
are probably not going to be very informative with us for
t he next couple of nonths. But | think, after it gets over
with, they mght be nore relaxed. So to get CDC, USANMRAD
and ot her organi zations out there, get GenProbe, get Roche
and peopl e invol ved because there are machi nes out there
that could be used, could be adapted, to other
or gani zati ons.

| amnot sure if | can answer your question, so |
got to spend five nore mnutes. So thank you.

DR. NAKHASI: Short answer, Celso, to you is that
| think we want to be prepared in case there is a
catastrophe bioterrorismattack and the agents which have a

| ong i ncubation period, so they don't go out and keep on

donating blood. | think we need to be prepared for that.
Any nore questions? If not, | think we still
made it. Let's eat. It is 12:35, so we are only five

m nutes | ate, and be back at 1:30, please, because we want

to get the next session started.
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[ Wher eupon, at 12:35 p.m, the proceedi ngs were

recessed to be resuned at 1:30 p. m]
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AFTERNOON PROCEEDI NGS
[1:35 p.m]

VII1. New Technol ogi es (Duncan/ Kapl an)

DR. DUNCAN: Welcone to this afternoon's session.
As we noved fromthe existing pathogens |ike HV and HCV
into enmerging pat hogens, now we are going to begin to nove
fromthe existing technol ogies, |ike the NAT test, into
ener gi ng technol ogi es.

In introducing this session, | would like to
bring your attention to the NAT Wirkshop that was held in
1994 at which many people left feeling that there was
really no practical application for the nucleic-acid test.
And here we are in 2001, seven years |ater, where this
wor kshop has essentially been a showase of the success of
the application of the NAT test to bl ood safety.

So that sort of begs the question what
technol ogies that are nerely in the research | ab today are
going to be in clinical application seven years from now.

So, to start this session off, we have invited
Dr. David Peterson fromthe Advanced Technol ogy Center of
the National Cancer Institute who is going to give us an
overvi ew of new technol ogies especially based on his
experience with the m croarray.

Overvi ew of M croarray Technol ogy
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MR PETERSON: Good afternoon.

[Slide.]

| thank you guys for the invitation. Hopefully,
you had a nice lunch and now that all your tunmes are
filled, I will try not to put you all back to sl eep.

[Slide.]

| amgoing to give a basic overview of m croarray
technology and try to touch on sone of the topics. Wat we
do at the NCI is nostly expression arrays but, hopefully,
you will able to project howthat wll apply to other
technologies. | amthe Production Manager of the NC
Mcroarray Facility. W have been naking m croarrays for
the past three years and giving themto the NCI community
for work in their experinments. W also provide training.

[Slide.]

So when we say mcroarray technol ogy, what we are
tal king about is DNA that has been i mobilized on a solid
support in an ordered array in such a way that you can then
take your sanpl e which, for expression arrays, is usually
RNA t hat has been | abel ed and then detect thousands of
genes in a single experinent.

This is what we nean when we tal k about gene
expression. | amsure you have all heard the buzz word
"functional genomics.” That is one of the applications of

this technol ogy.
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[Slide.]

The DNA that is put on the arrays is either
oligos or it is cDNAs. The oligonucl eotides can be
synthesized in situ with photolithography and | believe
there will be an Affynetrix person speaki ng about that
later. There is also a synthesis process using ink jet
whi ch uses a phosphoram dite chem stry on the solid
support. You can sinply have the oligos presynthesized and
spotted using a robot.

[Slide.]

So the oligos are anywhere from 24 to 80 bases in
I ength. oviously, they have to be designed. So they are
sel ected fromthe database, whereas cDNA arrays are
typically fromclone libraries that people have collected
and they are PCR anplified, purified. Once you have the
purified cDNA in your mcrotiter plate, you can spot it
usi ng a robot.

[Slide.]

So the Affynetrix gene-chip process is using
phot ol i t hography. The first step is you deprotect the
substrate allowing you to add a base and then do the
synthesis. This process is controlled by a
phot ol i t hography mask and the density of the array is
determ ned by the size of the holes in the nask that allows

the light to pass through. And there is the basic
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l[imtation of the actual wavelength of |ight that you are

usi ng.

[Slide.]

That is what one of the cartridges wll | ook
l'i ke. [Slide.]

After you put your sanple on, you will get--this
is your data. So what you are seeing is each gene has
about twelve oligos, twelve with a perfect match and twel ve
with one msmatch. You conpare the signal fromthe perfect
match to the msmatch. The idea is that if you see nostly
the perfect match lighting up and very few of the
m smat ched not |ighting up, then that gene is being
expressed.

[Slide.]

VWhat we do at the NCI is we are actually printing
our arrays. \Wat we are printing right now are cDNA t hat
we have PCR anplified. 1In order to print, you need to have
DNA of a sufficiently high concentration in order to get
enough DNA on the array to be able to hybridize later.

The gl ass that you are printing on has to have an
even coat that allows the DNA to bind to it. Then, your
printing pens take the DNA and spot it on the glass slide.
In a typical run, each pen needs to be able to reliably
print 50,000 tinmes just to create one batch of arrays which

is, in our hands, about 100 slides.
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After you have the array, then you need to post-
process it to nake sure that all the reactive sites that
are left on the coated slides are bl ocked so that you don't
get any background hybri di zati on.

[Slide.]

So this is kind of just a schematic. To start
out, this is the PCR reaction. Over here, we are show ng
you the coating glass. Right now, we are coating the gl ass
with polylysine. Then we use the robot to take our DNA
put it onto the polylysine-coated slides. Then we do the
post - processing and now we are ready to actually do a real
experinment with the array.

The trickiest part is the |labeling. You have to
have high-purity RNA.  You do your reverse transcription to
create your cDNA and then you | abel with your CY3 and your
CY5 which are the floors that are commonly used in array
technol ogy. You put themon your array. You hybridi ze.
You wash. And then you scan it and, hopefully, you wll
get sone red and green spots so you can anal yze.

[Slide.]

This is the Biorobotics Arrayer. It is a very
popul ar arrayer because it has a relatively small footprint
or a high throughput. They achieve that by having four
trays, each holding 27 slides apiece. That way, they

m nimze the anount of space it takes up on the bench.
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Over here, you have your automatic plate handl er
which allows you to load 24 plates at a tine. Technically,
you can load it up and walk away and it should do the run

all by itself.

[ Slide.]
| amusing a GeneMachine arrayer. It is alittle
nore primtive device. It has only got three noving parts.

It is based on the Brown Lab Arrayer. On the X axis, the
slides are being held on a platter and those are noved in
the vertical. You also have your mcrotiter plates where
the DNAis. On the Y axis, it noves the pins back and
forth horizontally. Then the X axis controls the pens,
nmovi ng them up and down.

[Slide.]

Here is a closeup of the pens printing an actua
array. Wiat you will notice there is you have each of the
i ndi vi dual slides, standard m croscope slides, that have
been coated with polylysine. Then there are 32 pens. The
pens are spaced at 4.5 mllineters apart so they fit into a
mcrotiter plate perfectly.

[Slide.]

Here is a cl oseup of the pens.

[Slide.]

What | ooks like a shiny nail is actually a very

conpl i cat ed devi ce.
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[Slide.]

This is the business end of the tip. It is
called a quill-pen tip because basically it just draws up
the DNA using capillary action. It takes about a quarter

of a mcroliter and it deposits less than half a nanoliter
per each spot. Depending on what you are printing wth,
your spots should be about 100 microns in dianmeter. This
is called contact printing. That is what the majority of
| abs that are printing arrays are using, sonme variation of
either tel echen pins of quill-type pens.

[Slide.]

There i s new technol ogy, noncontact printing.
You may have heard of inkjet printing. This is a slight
variation of the thene. It is using a piezoelectric collar
around a capillary tube. As it is activated, it propels a
smal | droplet of water out of the tip and you can spot on
the array wi thout ever having it touch the actual slide.

[Slide.]

That is what the array |ooks |ike after you
finish printing, what you are seeing there. This is the
salt fromthe printing buffer that has dried on the array.
And those are 32 bl ocks. Each bl ock corresponds to one
pen. If you |ook at the blowp here, each spot would
represent an individual gene and each spot is about 100

m crons.
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The typical array that we are printing now has
about 10,000 features. But, w thout too nuch trouble, we
can print 20,000 features using 32 pens.

[Slide.]

So now that we have the array, we need sonething
to dowthit. W are using expression arrays SO we are
| ooking at RNA. W need to purify the RNA. Now you need,
usi ng reverse transcription, to incorporate a nucl eotide
that has a label onit. As | said, right nowthe
convention in the industry is CY3 and CY5 dyes. So, once
you have your RNA that has been reverse-transcri bed and
| abel ed, you can hybridize it onto your array.

You wash it. Then, in the scanner--you put the
actual slide in the scanner and you have two col ors of
| asers that will excite the individual floors. Wen you
collect the data, you are actually collecting two
i ndividual files. The advantage of this, or the whole
point of this, is that now we can | ook at the ratio.

So it doesn't matter the actual concentration of
DNA that is on the feature. What is inportant is the ratio
which will give you how nuch is--which sanple is being
expressed above the reference or below the reference.
People will commonly say overexpressed or underexpressed.
What they are referring to is the ratio which, just by

convention, is CY5 divided by CY3. |If it is expressed in
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the CY5, it is called overexpressed. |If it is brighter on
the C3, it will be underexpressed.

When you see all these pictures of red and green
and yel |l ow spots, what you are |looking at is actually a
conbi nati on of two inages.

[Slide.]

That is a scanner that we use, the Axon scanner.
It is nice. It is conpact. It is sinple to use, very
reliable.

[ Slide.]

That is what the conputer interface | ooks |ike.
So you use the conputer interface to control the scanner.
You control where you are scanning and you can control the
PMIs. PMIs is the photorultiplier tube. What that sinply
isis adevice that electronically anplifies the signal
that you are collecting fromthe excited fl oor

As the photorultiplier voltage is increased, you
are going to collect nore of a signal. However, you need
to be careful because you are also going to collect nore
signal fromthe background. So if you have a very dim
array and you need to increase your photonultiplyer tube,
you are going to increase your background.

The way to tell a good array is you want to have
hi gh signal and | ow background.

[Slide.]
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| f everything went perfectly, you have a really
pretty picture. It is displayed as red, yell ow and green
spots which is really just for our convenience. The yellow
spots indicate a ratio of 1. So that would nmean that the
RNA in both sanples was equivalent. Again, the red nmeans
that the sanple of the CY5 was higher and, in the green,

t he CY3 woul d be higher.

[Slide.]

Just to prove to nyself that this works, | |ike
to see these kinds of experinents done where you do
reci procal |abeling. You take your two sanples of RNA
You put themon two separate arrays. On the one array, you
are labeling Sanple 1 wwth CY3. |In the second assay, you
take Sanple 1 | abeled with CY5.

So the green spot here, if you do the reverse,
shows up red. Wiat that neans to ne is that the sanple is
real ly expressing on that one gene that you are seeing.
Sone of these spots are very dim It is too limted an
anount of signal to really decide whether or not they are
actual 'y working.

[Slide.]

Her is an experinent froma col |l aborator of ours
using a nouse nodel. These are doubl e-spotted so each gene
is spotted twice, right next to each other. It was a nouse

knockout overexpressing a beta catenin. The COis the
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Wil d-type nouse. This is the self-hybridization so
everything is yellow. That is good. That neans you have
equal labeling in both RNA sanpl es.

This was actually done accidentally but it just
shows a really nice result of how good the system how
robust it actually can be. Here you see these genes are
expressed in the beta catenin and they are al nost absent in
the wild type.

Over here, you see the sane thing. It is not
expressed in the knockout nouse and it is expressed in the
wild type so that when you do the actual ratios, it
actual ly confirms what you suspected. It is being
expressed as beta catenin and it is being expressed higher
inthe wild type.

[Slide.]

As | nentioned, the spots are just conveni ences
for us to visualized. It is actually just nunbers in the
conputer. So this is the graphical representation. Each
spot is plotting along the CY5 and the CY3, if | am doing
it right. CY5 and Cy3. Everything is lining up at a 45-
degree angle which is a ratio of 1.

When you are doing the experinments, if one of the
channels is a little bit higher or | ower than the other,
what happens is you automatically need to nornalize the

sanpl e so you take an average of all of the red signal and
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all the green signal and you nultiply it by ratio so you
still get the constant value of 1.

Over here, you will see differentially expressed
genes. This is being expressed over here in the CY3 and up
here in the CY5.

[Slide.]

Just anot her exanple with a little picture of the
self-hybridization. Everything is yellow And then two
di fferent sanples, you see red and green. \What that woul d
be on this chart--this is in log scale, by the way--is
everything above this line is overexpressed. Everything
below this Iine is underexpressed.

[Slide.]

This is why microarrays are still in the research
| ab and are not ready for clinical application just yet.
They are not a perfect technology yet. There are still
probl enms and errors that occur. There are background
probl ens. There are hybridization problens. Mst conmon
is |low detection which usually neans you have bad RNA or
you had a poor |abeling reaction.

[Slide.]

But assum ng you get a good array, you can upl oad
it to a database. So now you have 10,000 genes for a

si ngl e experinment and you want to analyze that data. You
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need to have sone sort of the database managenent tool in
order to interpret what you have.

At the NCI, we actually have an in-house dat abase
whi ch provides the majority of functions and search tools.
There are a | ot of commercial conpanies that are trying to
pronote their particul ar database system Luckily, the CT
group has already developed this. It gives you all the
tools. It gives you the hierarchical clustering
al gorithns, the multidinmensional scaling.

| f you have read any of the expression papers,
you probably have seen people, particularly the tree views
where you are trying to conpare many different arrays al
on a single experinent.

[Slide.]

What is the future of mcroarrays? M croarray
doesn't need to be on a solid two-di nensional platform It
can be on a bead. So all you need to do is sonehow have a
bead that you can identify and give it a unique identity.
Then you have your DNA on the bead. Now you can do a
hybri di zati on with your DNA on your uniquely identified
bead. Then you can do a typical hybridization, a liquid
hybri di zati on.

Theoretically, the liquid hybridizations have
faster kinetics and are nore reliable. Because we are

doing it on beads instead of a solid substrate, you can m X
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and match the beads depending on the assay that you would
want to do. There is also some new technol ogy for direct
detection of hybridized probe where you don't need to
actually | abel your probe. You can directly detect a
hybri di zati on event.

[Slide.]

Here are quantum dots whi ch have been used and
probably will be used further in giving the beads a unique
bar code, if you will. Plus, it is a pretty picture. So
you have all these different color dots. What does that
mean? All that is is each dot has a uni que signature of
wave | engths. So when you are doing your analysis, you
know that this particular mcrobead has the identity that
has been determ ned by the quantum dots that you have put
into the m crobead.

Now you know what it is so when you label it with
your DNA, you should be able to know what the DNA nol ecul e
was that you put on the bead.

[Slide.]

This is basically how the test would--this is a
schematic. In this point, you have three different IDs for
t he bead and each individual bead will have a different DNA
nol ecul e on there. Technically, by conbining the different
wavel engt hs and the different intensities, you should be

able to cone up with thousands, perhaps even a mllion,
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different unique identifiers for each bead which, in the
array business, we are always trying to get nore genes on a
single test.

So this technology isn't quite there but it wll
be there shortly.

[Slide.]

Here is a nmouthful; surface plasnon resonance.
Don't worry about the word so much. | amnot going to
claimto understand all of the various physics and optics
that are going on here but the take-hone nessage is that
you can actually detect the change in reflectivity when
there is a hybridization event.

[Slide.]

This is a proof of concept. This is an array
that has your DNA that is actually on a gold film You can
take your sanple. You just hybridize it to your array.
Then you put it in the nmagic machine and it will tell you
whet her or not there has been a hybridization event on the
spot or there hasn't been.

Right now, | think the test that | have just done
is using oligos, but it is not very hard to figure out that
you can use any kind of sanple, the advantage being you
don't have to do any kind of a |abeling reaction. You can
reuse the chip over and over again.

[Slide.]
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That is briefly some of the things |I think that
are going on in the array field right now | would like to
thank ny |ab and take any questions that you m ght have.

DR. KAPLAN:. Thank you very nuch for a very
interesting talk.

There is a change in the order of the talks. The
next speaker will be Dr. Holger Otleben who will talk
about non-nucleic-acid arrays and will give us an overvi ew
of what his conmpany is doing which is really a very
different technol ogy and very exciting technol ogy.

Gaffinity

DR OITLEBEN: CGood afternoon.

[Slide.]

Thanks to the organi zers for giving ne the
opportunity to give you sone information of our technol ogy
which is designed to allow screening of chemni cal
m croarrays.

[Slide.]

We have devel oped this technol ogy basically for
drug-di scovery purposes. | will walk with you through the
technol ogy and point to certain aspects that are
particularly inportant for small organic nolecules. | am
happy that the speaker before ne explai ned nost of the
basic principles of mcroarrays so | have not to go into

very nmuch detail in every point.
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Basically, sonme words in advance about our
conpany. You are probably not famliar with it but it is
al ready four years old. W founded it four years ago. W
have currently eighty people and have substantial |ab space
and are |l ocated in Heidel berg.

[Slide.]

We did a second round of finance which nmade us,
for the first time, international because we have had the
opportunity to convince also investors fromthe United
States to invest in our conpany.

[Slide.]

We have started exploiting this technol ogy
already in a series of corporations with the pharmaceuti cal
i ndustry. Taken together, we are already one of the
bi ggest nonpublic biotechs in Gernany.

[Slide.]

So sone words on the approach. Qur approach is
to have chem cal mcroarrays of small nol ecules. Wen
tal ki ng about m croarrays of very small organi c conpounds,
certain features cone into play that are not so inportant
as if you deal with DNA for exanple. The surface
properties are absolutely critical because proteins tend to
adhere nonspecifically to proteins.

Also if you have washi ng steps involved, as you

have it in hybridization protocols for DNA arrays, you
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m ght wash away nost of the weak binders to snall

nol ecul es.  You cannot have an array of a small organic
drug-1ike nol ecul es, you cannot expect that they have the
sane or simlar binding affinities |like a hybridized

ol i gonucl eotide. So you have to have a different readout
system

For that we devel oped a systemthat allows us to
do | abel-free imaging in a highly parallel manner.

[Slide.]

So the technol ogy, as | said, conprises surface
chem stry. W also produce libraries in-house to be
applied and i mobilized on the assays. It involves |ots of
producti on processes for the chips, itself, as well as for
the m croarrays.

[ Slide.]

So surface really matters, as | said, if you go
to small nolecules. W are basing our surfaces as self-
assenbl ed nonol ayers on gold. The gold is necessary for
the SPR detection. The self-assenbling nonol ayers all ows
us to create a surface that is highly resistant to
unspecific protein binding. So when there is no |igand
present, or no ligand bound, virtually no protein is bound
and we have checked that with a hugh series of different

pr ot ei ns.
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O course, the optim zation of the presentation
of ligands is of simlar inportance since the |igands
shoul d reach into the active site of proteins, for exanple,
and shoul d not stick just on the outside. As | nentioned,
| abel -free detection becones a crucial issue and this is
here indicated by a wavel ength shift.

So when the protein binds, it creates a nass
change on the surface of the chip. The nass change is
uphel d by the surface plasnon resonance so it creates a
wavel engt h change and an angl e change of the |ight that was
reflected onto the chip.

[ Slide.]

So, first sone words on the diversity they put on
the chip. W start with conventional resins and then we
attach to all the resins the same |inker nolecule. Then we
synthesize in a parallel fashion the organic conpounds so
that they are all different but are simlar in respect to
the |inker.

Of course, that requires substantial protoco
devel opnent. | don't go into details for that, but it
allows you, then, finally to produce compounds in 10, 000-
conmpound batches in a mniaturized synthesis. W did sone
substanti al devel opnment also in that area and this enables
us to produce our in-house library which you can spot on

the arrays.
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So, once the conpounds are synthesized, they are
cleaved fromthe resins and then they are--with a tag in
the nother plates. This allows us to do subsequentially
quality control before we put sonething on the chips.

Again, this is extrenely crucial for small nolecul es
because once you have sonething on the chip, you are really
unable to analyze it anynore. It is just too little
material. So you have to make sure that the conpound was
really there and was there in the right--was synthesized in
the appropriate way.

Finally, the conmpounds get spotted onto the
m croarrays. Each sensor field, each SPR sensor field,
contains a limted nunber of binding sites. By applying an
excess of the small nolecule, we can guarantee that, in a
coval ent reaction, on each of these sensor fields, there is
the sane anount of the different conpounds. In that way,
that is extrenely inportant also to quantify the binding
data afterwards.

[ Slide.]

The m crostructure that allows for having highly
parallel SPlI imaging is produced in clean-roomfacilities,
and | don't go into the details there also. The array
production, itself, is done using spotting robots, which
were nentioned by the speaker before nme, and we have

adapted that and custom zed for small organi c conpounds.
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The main difference here is while DNA sanpl es,
even di fferent DNA sequences, they are rather a honpbgenous
set of solutions. |If you have a conbinatory library, of
course, features |ike viscosity differ very nmuch throughout
the library and you have to have a spotting routine that is
able to handle all the different sanple viscosities, et
cetera, and, neverthel ess, produce a highly reliable array.

[Slide.]

The array production currently involves a
mcrotiter plate footprint. This is inportant for robotic
handl i ng, sinply. W use, despite there is gold on them
t hem as di sposabl es because we can mass- produce them from
the nother plates since we are penning and not synthesi zing
on the arrays. They are really ready for mass production.

[ Slide.]

The array readout is done, then, with a surface-
pl asmon resonance instrunent. It is the first really
paral | el surface plasnon resonance imaging instrunent.

Once you have the array with the different conpounds ready,
you can apply the protein solution in a biochem cal buffer
on the chips and everywhere there, where the protein has
bound, a wavel ength shift is nonitored.

An inportant thing is it is a truly function-
blind assay. So, virtually, you don't have to know

anyt hi ng about the protein that you have put on the array
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except that it is soluble. Therefore, you can avoid al

t he assay devel opnent and you can derive these binding maps
of proteins right away wth even fairly uncharacterized
protein sanpl es.

[Slide.]

The imaging instrunment is currently working with
di fferent nunbers of spots or sensor fields. The highest
density is 4,608 spots at the nonent and this is routinely
enpl oyed in all our projects. The binding takes place
under equilibriumcondition and we get an i medi ate rank
order of affinities fromthe binding experinent.

[Slide.]

The i magi ng device | nentioned, we are | ooking
for the wavel engt h-dependent change of the plasnon
resonance effect. The inportant thing is here, since we
are | ooking for the wavel ength change and not for the
angul ar change, no noving parts are necessary in the
instrument. This allows for a very robust setup of the
t echnol ogy.

[Slide.]

This is sone real data. This is an array that is
5,306 tethered small argatrobanlike fragnments which is a
known i nhibitor for thrombin. W have taken only fragnments
of these inhibitors, immbilized themon the chip. The

inportant thing is that blue is background. There is
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virtually no background binding. It is all in the order of
0.5 nanoneter wavel ength shifts.

But, on the other hand, if the protein binds
sonmewhere, then you can get, in this software, a different
col or code and this allows you, if you recheck this, this
is related to the binding affinity and you can nonitor
bi ndi ng even of rather weak binders, the weak but specific
bi nders, which can be--if you have a drug-fragnent - gui ded
di versity on the array, this can be an inportant starting
point for the first optim zation of the drug.

[Slide.]

| should mention that the CV values for such
arrays are rather good. They are in the order of about
5 percent and this is for array experinents rather good.

[Slide.]

The reproducibility is even nore striking. This
is an array fingerprint of the protein against an array
whi ch cont ai ned 4,608 di fferent organic conpounds. You
will hardly notice the difference in the sensitivity
pattern fromtwo different experinents fromthis data.
However, if you do the correlation of the two datas, you
see that there is sone variation. But the correlation,
altogether, is really excellent.

[Slide.]
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For an inportant application, of course, is now
to use this library since we are able to nmass-produce these
arrays and to fingerprint themagainst a different set of
proteins; for exanple, taking all kinases of a certain
class or taking all interaction domains of a certain class,
and bringing themin contact with the same diversities.

This all ows you, of course, to get sone
informati on of potential specific binders right away from
the primary screening.

[ Slide.]

Just as another exanple, this is a protein tested
agai nst 4,000 different conpounds. | have restricted
myself to 4,000 conpounds because ot herw se the resol ution
of the screen would have been limted. But you can do
really large nunbers in a rather short time with virtually
no assay devel opnent.

[ Slide.]

O course, you need to have sone software and
sone dat abase to analyze it, the binding data. W have an
i n-house devel opnent. It is called JArray which is used to
anal yze the software. Sone of our libraries are built in a
binary fashion. It allows you to | ook for the building
bl ocks and fragnents that were used. For exanple, in the

bi nary system since you use |ong rows and col unms, you can
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get a rather quick analysis of whole conpounds and buil di ng
bl ocks.

[Slide.]

And you can inport data fromthe imager in that
software. The software also allows you to click on each
sensor field. It is popping up the conpound that was on
the sensor field. As we did a parallel synthesis,
everything is caught and coded by the X/ Y code. They are
kept throughout the process so that you know al ways what
conpound i s behind which sensor field.

In addition, you can get histogranms of the
screens and you can do simlarity searches. Based on the
simlarity of the organic conpounds, you can rearrange your
data and just derive sonme SAR anal ysis fromthat data.

[Slide.]

The software is then coupled also to sone ot her
state-of-the-art chem cal information nanagenent systens
i ke IsisBase or can even be used to dock the conpounds
quickly into the structure using TriPath software

[Slide.]

So the whol e process, as we have enployed it
here, is starting with small organi c conpounds that are put
onto arrays which are constituted by different sensor
fields. The way we usually proceed is that we can derive

sonme information already fromthe primary screen and then
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we produce libraries that are guided by the information
fromthe initial screens and put these libraries on the
arrays.

In the third step, we nostly use the information
t hat those conpounds we found to be active carry a spacer
here, carry a tag here, and we use the information the
conmbinatorily expand the library around that site of the
nmol ecule. This is shown here schematically right here.
These conpounds are then used in solution assays. They are
then no | onger tested on the arrays.

We went through that process with a series of
proteins. In the one case, it was thronmbin which is a
rather well-studied enzyne. W discovered a new chenotype
whi ch was kind of a surprise since, for thronbin, this
nmol ecule is tested in research for the |ast twenty years.

We could show that it has prom sing
phar macoki netic features. W, nmeanwhile, cocrystalized
this structure and have patented the structure.
Neverthel ess, | amnot able to show it right now W have
shown, with this exanple, what we can really discover by
using small organic fragnments novel conpounds as inhibitors
of proteins.

The whol e process, as we see it now, is that we
have a very quick and efficient process to conme up with

novel leads. Since we are synthesizing these conpounds
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that carry the tag produce a |lot of a series of daughter
arrays and we can use themin | abel -free i mgi ng, avoi di ng
assay devel opnent. Then all the data fromall the
different proteins is stored in a database and, of course,
is then subject to inspection by the trained eye of the
medi ci nal chem sts.

We produce, then, free active conpounds and do
the foll owup assays which is then kind of conventi onal
secondary assays. W can, then, start to do sone nedicina
chem stry based on the wells of information fromthe
fingerprint data that is stored in the database for the
nol ecul es.

[Slide.]

Wth this slide, I would like to end. | think I
am al nost on tine.

DR. KAPLAN:. Any questions?

DR. NAKHASI: | have a couple of questions. |
think this basically understanding the rationale and how do
you choose these conpounds, first of all, based on what
i nformati on and, second, can this technology be al so used
in DNA and RNA instead of just a protein?

DR. OITLEBEN. The first question, we are
follow ng the design principles that we call leadlike. So
the initial conmpounds on the arrays are usually snaller

i ke the drugli ke conmpounds that follow the Lipinsky rules.
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They are, on average, have a nol ecul ar byte bel ow 350
Daltons. So the nost inportant thing is that there is room
for inprovenent. So you can shape these nolecules. The
problemw th ot her HGS conpounds was al ways that the
nmedi ci nal chenmi st has had to cut away certain parts of the
nol ecul e, lost sonme of the activity and has had to rebuild
t hat .

So our philosophy is to have nore | eadlike
diversity for small organi c conpounds on the chips, so,
fragnment - gui ded and al so gui ded by the know edge from known
drugs.

The second question regardi ng what el se can you
put on the arrays. Basically, you can put anything on the
arrays. You can put DNA on the arrays. W did that. You
can put peptides on the arrays. W did that. You can also
put proteins on the arrays. W had to focus ourselves to
certain things, and, therefore, the small-nol ecul e arrays.

The chal | enges, of course, were in a way, from
t he technol ogy point of view, the highest for small-
nmol ecul e arrays because there you have usual |y weak
affinity binders and you have the problem the potenti al
problem wth the unspecific binding of proteins.

So, since we had overcone these problens, we

could then also use that for other kind of bionol ecul es.
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DR. KAPLAN: Do you think that this technol ogy
can be used for screening, for instance, of antigens or to
just describe the antibody repertoire? Can you specul ate a
little bit on that?

DR OITLEBEN. | guess you could use it for that.
The advantage is that it is a | abel-free technol ogy so you
woul dn't have to have a secondary antibody to do the assay.
Also, if you could start with peptides that have rather
weak affinity. Probably even if you would Iike to describe
the anti body repertoire of an individual, it is unlikely
that you have for each antigen the best binding nolecule on
the chip. So that neans that there is also a requirenent
to discover sone weak affinities. This, of course, then is
hel pful if you have no washing steps involved in the
process.

The critical thing will be to work with crude
m xtures and to see whether there is too nmuch conpetition
ongoi ng between the different nolecules in the crude
sanple. So that is sonething one would have had to figure
out .

DR. CH EN. David Chien, Enmeryville. \Wat is
your sensitivity of this assay in your snmall nolecul e
array. One of the slides you showed, your detection is 1

m cr onol ar ?
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DR. OITLEBEN:. Sensitivity with respect to what
we can detect as binders goes up to binding constants of 10
to the power of -4, so rather weak binders. In terns of
the sensitivity of protein concentration you need to detect
that, it varies fromnolecule to nolecule, fromprotein to
protein. It starts froma few nanonol ar.

DR. KAPLAN:. Thank you very nmuch. A very
interesting presentation.

The next speaker is Dr. Konstantin Chunmakov from
the Food and Drug Adm nistration. He will talk about
applications of mcroarray on pathogen detection.

Application of Mcroarray on Pathogen Detection

DR. CHUMAKOV: Thank you.

[Slide.]

As you can see, | amfrom another of the Center
for Biologics. But the topic of my presentation, pathogen
detection, certainly transcends the boundaries between
different kinds of biologics and is, in fact, | think, one
of the central issues in nedicine in general and recently
has becone sonething that even the Postal Service is
involved with. So it is really a very general thing.

So today I will talk about how the new energing
technol ogy, mcroarray hybridization, can be used for
effectively doing this.

[Slide.]
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

What, actually, are mcroarrays? |In fact, this
is a highly multiplex format for performng a | ot of
different things. Hybridization is only one part of what
can be done on this platform You can also do enzymatic
reactions |ike DNA-l1igase reaction on the chip, DNA-
pol ymer ase reacti on and even PCR can be done on a
nm croarray.

[Slide.]

So what is so special about this format? O
course, the first thing is that it contains nunerous
i ndi vidual elenents. The results that you obtain usually
are conposed of sets of hundreds and even thousands of
i ndi vidual neasurenents. So it is a very highly nmultiplex
result.

Smal | size allows you to control reaction
conditions and, therefore, you can adjust to performa fine
adj ust nent and that you have bal ance of sensitivity and
specificity. O course, the |large nunber of spots that you
can have on one array allows you obtain highly redundant
results inproving its robustness.

[Slide.]

Now | et me go into nore technical justification
and rationale of the platformthat we have chosen. | think
that this conference provides a good testinony to the shift

in focus in patient detection from bi ol ogi cal assays that
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were originally the only choice that people had through
anal ysis of proteins, immnological assays, which are stil
bei ng used widely to nucleic-acid detection.

In fact, nucleic-acid detection, nucleic-acid-
based techniques, are multiple. The state of the art at
this nmonent is, of course, PCR because it provides ultimte
sensitivity, potentially being able to detect even a single
nol ecul e of DNA

[Slide.]

So mcroarrays cone in a variety of different
shapes and fornms. | amvery glad that Dave Peterson had a
tal k before ne and he described sone of the variants. So,
of course, | will talking about nucleic-acid mcroarrays so
they can be either DNA, |ong DNA, or short
ol i gonucl eotides. It can be the cloned or PCR anplified
materials or it can also differ by the physical nature of
the substrate. It can be either a glass surface or naybe a
pl astic surface, or it can be a three-di nensional gel
matri X.

It can be synthesized in situ. For instance,
like Affynetrix technology does it. O it can be done by
spotting or spraying and it can be used for hybridization
or enzymatic reaction. It can be used for gene-expression
anal ysis |i ke Dave showed you in his first talk, or for

nucl ei c-acid identification, genotypic and single-
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nucl eoti de polynmerismstudies. So this is what | wll be
focussi ng on nost.

[Slide.]

So here is the robot that basically spots
ol i gonucl eotides. |In our case, we work with short
ol i gonucl eot i des, around 20- base long, that are nodified so
that they can be easily imobilized on the treated-gl ass
surface. As a result, we have mcroarrays that contain
spots of inmobilized short oligonucleotides.

The slides that are prepared this way are
hybri di zed with a single-stranded DNA probe that is | abel ed
with fluorescent dyes. So we do it by PCR anplification
with one priner |abeled or maybe with tri phosphates | abel ed
with fluorescent dyes. A second prinmer is attached to
biotins. So, after PCR anplification, you can easily
separate strands and have one conplenentary strand that is
fluorescently | abeled with either CY5 or CY3 or any other
fluorescent dye, for this matter.

[Slide.]

So here is the overall flow chart of the
technique that we use. So we start with DNA or RNA in
this case. It is a reverse-transcriptase reaction. Then
we PCR-anplify it and, at this point, it can be
fluorescently | abeled with-- either you can do strand

separation by biotin, as beads, or you can potentially do
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PCR anplification and get single-stranded DNA directly in
this step, hybridize with mcroarrays, scan it on a
commercially avail able instrunment and then anal yze pattern
and get the results.

So it is arelatively easy schene and it was
fine-tuned by Vladimr Chizhikov who is present in this
audi ence. So now it works beautifully. The anmount that it
takes fromthis point to this point is usually Iess than
one day. Hybridization takes |ess than an hour. The main
time-limting step is PCR

[Slide.]

O course, the main question is what do we put on
our chip to nmake it really efficient for discrimnation of
virus. Here | just showed a sinple exanple. |In this case,
it is asmall set of orthopox viruses. You can see, for
i nstance, that these nmutations, they all distinguish
vaccinia from other orthopox viruses. So if we synthesize
oligo in this region, it will bind vaccinia but it will not
bind variola. It will not bind nonkey pox or other
Vi ruses.

So if you have a sinple case like this, it is
easy. You just eye-ball the nultiple sequence alignnent
and identify the appropriate positions. But, of course, in

reality, we work with genes sonetinmes over 1,000 bases |ong
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and it can be a set of nore than 100 sequences, so it is
becom ng a tough thing.

[Slide. ]

So we had to devel op our in-house custom software
that allows us to algorithmcally select appropriate sites
for maki ng both PCR prinmers and oligonucl eotides for
di scrim nation.

Here is the diversity chart. This is a GP7
genone for rotaviruses. The places where the curve dips
means that there is no variability. So this is an idea
place to put PCR anplification priners. Were the curve
soars, it is, of course, an ideal place to |ook for
discrimnating priners, nmeaning that in this position, this
i's the maxi mum het erogeneity anong different kinds of
rotaviruses.

[Slide.]

| amsorry for this garbled slide. It was
prepared on Maclntosh and it didn't translate right. So
you see this cluster of viruses. It |looks like a
phyl ogenetic tree but, in fact, it has not been constructed
by counting the nunber of nucl eotide m snmatches but,
rat her, by the nunber of oligonucleotides of the sane
het er odynam c paraneter that these viruses share, neaning
that all these red--this is actually variola. These are

all small -pox viruses.
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You can see this really. You can distinguish
t hem because they share the maxi num nunber of the sane
ol i gonucl eotides. So we can ask to list all the oligos
that are unique for this group, that all of them share and
none of the other viruses do have.

[Slide.]

So you can have sonething like this. You see
that this is one exanple. Al small-pox viruses have the
sane identical region while all other orthopox viruses have
multiple msmatches here. So you can sel ect the nunber of
oligos in this region. |In fact, we have a very bi g nunber
of such, very convenient sites for putting this conbinating
ol i gos.

[Slide.]

As aresult, it is relatively easy to identify
oligos that will distinguish any particular group. On the
first line, there are oligos that are actually comon to
all orthopox viruses. So you see that all of these viruses
are orthopox viruses.

On the second line, these are nonkey- pox specific
oligos. Third line, small-pox specific oligonucleotides.
These are cow pox specific. This is el ephant pox. And
this is vaccinia. So this is relatively easy. Wthin a

few m nutes, you can unanbi guously what virus do you have.
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Even if you have sone spots missing, it is stil
quite clear that this is nonkey pox. Even presence or
absence of certain spots gives you nore detailed
information down to the |level of isolates. So, for each
particular isolate of a particular virus, you have a sort
of profile which is a portrait of this particular strain.

[ Slide.]

So the sane works pretty well for rotavirus
genotyping. So this is a panel for Gl genotype, G3, 4,
. There is sone crossover here but it is just because
they are--@@ and G3 are simlar in this region. You can
even detect m xtures of both. This sanple was a m xture of
nore than on genotype.

So, again, there is no question about the result.
But, in sone cases, when you use nultiple sanples of the
sanme genotype, you can see sone spots m ssing which gives
you an additional dinmension in your analysis.

[Slide.]

It can also be used for quantitative analysis.

In this case, it is analysis of a nmunps vaccine which is a
m xture of two strains. So you can determne the relative
content of two such strains. In this case, it is ranging
from 100 percent of (1 to 100 percent of G2, al

internediate m xtures. So you can use this technol ogy for
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guantitative analysis of different viruses present in the
m xture.

[Slide.]

Now this is a nice exanple of the power of this
anal ysis for fine discrimnation between the viruses. This
is a case of polio reconbinants. You know that in many--
not in many cases, but occasionally, polio virus vaccine
causes vacci ne-associ ated paralysis. The majority of the
i sol ates are reconbi nants between different types of polio
Vi rus vacci ne.

So, in this case, we worked with two reconbi nant
strains which were conposed of two parts of Type 1 virus
and one piece of Type 2 genone.

[Slide.]

Here you see. The first line contains oligo-
specific for Type 1. This is the Type-2-specific oligos
and Type 3. You can see a physical map. It starts with
Type 1. It switches to Type 2. And then back to Type 1.
So it is one of the first slides. Nowthe quality of the
pi cture inproved. W inproved it very nuch. W don't have
m ssing spots anynore. So you can instantly obtain a
genetic map of a virus including the exact position of
crossover points.

To do this before, it would take conplete

sequenci ng which is |ike about two or three nonths of work.
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So this can be done on one glass slide. You can put up to

five or ten different strains and do it within five hours.

[Slide.]
This is the second part. | think I wll skip
this, | nean go over it very fast, because this is

basically very simlar to what Dave Peterson descri bed.
This is another aspect of mcroarray technol ogy,
gene- expression analysis, that can also be used for
pat hogen detecti on because basically it can detect the
difference in gene-expression patterns in nRNA profil es of
bi ol ogi cal systens that are normal in disease, in the
general sense. It can be either normal in tunor. It can
be normal in infected.
So this schenme anal ysis of gene-expression
di fferences can be used, for instance, as a biosensor for
detection of the presence of sonething that you don't even
know. For instance, if you have a culture that you treat
with a sanple and then you see a change in the profile of
gene expression, you can predict by conparing the specifics
of this change profile to sonething that you already know
about the behavior of a certain virus group or bacteri al
group that induces sonme response in a biological system
[Slide.]
This is actually an inage of mcrochip that is

produced in Dave Peterson's |lab and the sanme chart,
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basi cally, when you are |ooking for points that are off
this diagonal line. By selecting and anal yzing patterns of
spots that are off the diagonal |line, you can create
profiles and then do cluster analysis and identify conmon
patterns of gene-expression profile and then conpare it

wi th known pat hogens and, as a result, predict the presence
of sone pathogens in your system

[Slide.]

So, of course, these pictures reflect a unique
pattern of genomc activity in cells. It is specific for
cell type and it reveals different types of cellular
pat hol ogy. But, of course, it also reflects a response to
di fferent biological substances, cytokines, viruses, drugs.
In fact, this is a very powerful tool that can be used for
search and analysis of all these substances that are of
interest to people working with bl ood.

It is a very sophisticated tool both technically
and intellectually. It is not easy to interpret the
patterns that you are getting but I think it is worth
expl oring and devel oping. W are starting one project that
we hope will help us use it as a tool for analysis of cel
substrates used for vacci ne production.

[Slide.]

So, in conclusion, of course, this mcroarray

technology is only inits infancy. It can be tailored to
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

achi eve maxi mnum sensitivity and specificity. It can be
also tailored into biosensors, just like |I indicated in the
| ast part of ny talk.

[Slide.]

Finally, | have to acknow edge all these people.
VIadimr actually he is our mcrochip guru. He was behind
all these devel opnents. All these people al so worked on
sone parts of what | have showed you today.

Thank you.

DR. KAPLAN. Thank you for a very interesting
present ati on.

Do you have any questions?

DR. NAKHASI: Konstantin, how nmuch conplexity can
you build in your systen? What | heard was two or three or
four, you can see the thing. How much conplexity can you
build in your systemand still see the differences?

DR. CHUMAKOV: Conplexity; do you nean in terns
of differences between different objects?

DR. NAKHASI: Not only that--yes. Let's say if
you have a biol ogi cal sanple, you have many of these
conmponents in there. This is okay when you know what is in
there. Let's say, in an unknown sanple, you want to put so
many other prinmers to see whether that hybridizes to it,
whet her that agent is in there, how would you use that in

t hat situation?
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DR. CHUMAKOV: | think that it is just like wth
any other nethod. There is always a bal ance or sone kind
of tradeoff between your sensitivity and specificity. It
is always a dilemm that you face. But, in this case, |
sort of feel that, at this point, it is the best
conbi nati on of both specificity and sensitivity because,
for instance, if you take PCR, everybody knows that if you
i ncrease stringency, you can dramatically increase
specificity, but you | ose sensitivity.

If you relax your conditions, allowit to anplify
ot her things, then you will get a picture that will not be
possible to interpret. You will have all the snears on the
gel. So that is why the kind of part of PCR analysis, the
second phase of it, gel analysis, or it can be TagMan
technol ogy, that validates that what you have anplified is
what you really wanted

So, in this case, when we use PCR in conbination
with mcroarray hybridization, we can separate it
conpletely. W don't care about specificity on the first
phase. W only focus on anplifying material. W create
prinmers that are targeting the nost conservative regi ons so
it will be the nost robust anplification you can achi eve.

So it will be very sensitive, very robust and you

don't care that your material that you anplified is garbage
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because, on the second phase, you hybridize with specific
ol igos and then you see the picture.

So, at first you focus--you have to separate
things. In no other nmethod is there such a clear
separation between these two aspects. For instance,
TagMan; it is a very good technology but it is done in one
phase, so you both anplify and you validate your nateri al
And you only target just one, or maybe two, probes.

In this case, it can be thousands. So,
basically, | think that the place of this technol ogy is not
an alternative to PCR but it is a supplenment to PRC. It is
a replacenent of a gel electrophoresis.

DR. HEWLETT: Konstantin, can you comrent about
the relative sensitivity of PCR on a chip versus the
standard PCR, you know, in a gel or whatever other fornmat
that is currently being used? For exanple, for your
rotavirus system have you conpare that and can you tell us
what the relative sensitivities are?

DR, CHUMAKOV: It is better than regular PCR It
is. It really is. The rotavirus exanple is a very good
exanpl e for proving this because there are currently a PCR-
based genotypi ng nethods for rotaviruses. They use a
genotype-specific priners for anplification because of

i nherent variability of viruses, high nutation rates.
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There are about 10 percent of isolates that
cannot be genotyped by PCR nethod just because they won't
anplify because there was a nutation that woul d happen to
be in these priner-binding areas. Since we select our
prinmers in the conserved regions, there is a rmuch | ower
chance that there will be an incidental nutation that wl|
kill this prinmer.

So that is why anplification is nore robust than
woul d be in the specific PCR case. So the specificity can
be the best in PCR W did not performforml analysis of
sensitivity which we should and will, but I feel that it
will be superior to conventional PCR nethods.

DR. RIOS: WMaria Rios. Are you planning on using
t he net hodol ogy here to study what species and treatnent
for H'V and anal yze sone drug effectiveness in HV
treatment, for instance?

DR. CHUMAKOV: Yes. | nean, we just started a
project wwth Indira on HV so, hopefully, it wll go well.

PARTI Cl PANT: The testing will be quantitated?

DR. CHUVAKOV: Do you nean the signal?

PARTI Cl PANT:  Yes.

DR. CHUMAKOV: It can be quantitated for
di fferent purposes, nostly because it provides you nore
i nformati on than you can see with your naked eye because

you have a pattern. In sone cases, this pattern has
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addi tional significance in distinguishing wthin-genotype
differences, isolate-specific differences. So it is not
easy when you deal with hundreds of spots to do it--so you
better analyze quantitatively and then | et the conputer do
all the pattern recognition

So it certainly is a strength of this technique
that it also provides you quantitative information. But,
on the other hand, you can ignore it because the patterns
are so clear that you don't need anything. You just see
it. You can even wite "small pox" with these dots. So it
can be a really visually very attractive output that
anybody in the field, for instance, can see what is there.

DR. KAPLAN: Thank you very nuch.

The last talk of the session will be given by Dr.
Hurt from Affynetri x.

Affymetrix

DR. HURT: Thank you.

[Slide.]

You have heard a little bit about GeneChip
technol ogy already today. Hopefully, | amgoing to be able
to just flesh that picture out for you a little bit and
talk a little bit about the work we have done in the
pat hogen- det ecti on ar ea.

[Slide.]
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The GeneChip Probe Array is, as you have been
told, an oligo array. It is housed in a plastic cartridge,
as such, and the array, itself, is the window here. A
hybri di zati on chanber is formed by the plastic cartridge.
The oligos are actually on the inside of that array and
access to that hybridization chanber is through two self-
sealing ports on the back of the array.

It is a very robust package. | have dropped them
on the floor before and gotten away with it. That is not
part of the standard protocol but it is quite easy to
handle in the lab and that is one of the great features
about it.

[Slide.]

O course, we supply an integrated systemthat
allows us to utilize those arrays. The GeneChip Array
really is the heart of Affynmetrix Technol ogy. W have a
fluidics station scanner analysis software, et cetera. It
is a conpl ete package, Bioinformatics software at the back
end.

[Slide.]

Kind of howit works, you start out with your
array. You hybridize a | abel ed sanple to that array,
process the array, washing and staining steps, under the
automated control of the Mcroarray Suite software on our

fluidics station, acquire the inmage through the Agilin TNA
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

scanner. |Image capture is done by the Mcroarray Suite
software on the conputer work station and i nage analysis is
done on that sane software package.

We al so provide a suite of the Bioinformatics
tools to analyze the data. The data can be quite conpl ex.

[Slide.]

As you can imagine, there are a |ot of different
things we can do with these high-density oligo arrays. W
have heard a | ot about these today. Qur experience is
summari zed in these various categories where you can
anal yze the genone, the genom c DNA, or you can anal yze the
expressed RNA. So gene expression is really our best
sel ling, our nost common, application right now but we al so
have used it in limted conmercial release and nostly in
the research Iab for variant detection or resequencing
application--that is, assessing difference froma known
sequence.

Del etion analysis; | amgoing to talk to you a
little bit about that in terns of pathogen detection and
typing. And genotyping applications.

[Slide.]

The arrays, thenselves, are built by using a
phot ol i t hogr aphi ¢ process that you have heard a little bit
about today. | amgoing to try and fill in the blanks. W

start with glass wafers. It is about a five-inch, round,
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silicon quartz glass. W start using a machine that | ooks
like this and derivatize the surface with the syl ene
linker. That linker is capped with a photol abile

pr ot ective group.

Hitting that protective group with the U V. |ight
phot odeprotects the reactive end exposing the hydroxyl to
chem stry in the synthesis cycles. The photolithographic
step is portrayed here. The checkerboard pattern that you
see back there is actually a photolithographic mask. This
is a technology that is commonly used in the sem conduct or
i ndustry and Silicon Valley and we borrowed that to nake
t hese arrays.

The way photolithic |ithography works is you
essentially have a nask that is a mirror and you etch the
mrror finish off of that nmask at defined points allow ng
selective illumnation of the derivatized wafer here,
activating controlled portions of that substrate for
chem stry in the next round.

Many | ayers of different nask patterns all ow us
to build a trenmendous anount of conplexity on the array
surface, in situ. So we are building the oligos up in
pl ace. The checkerboard pattern you see here are actually
t he individual array-sized pieces that are all being built

in a batch in parallel synthesis steps.
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Once those steps are finished, we dice that array
up into its individual array conponents and package that
into the plastic cartridge that you have seen. W do
i ndi vi dual pressure testing on each cartridge assenbly to
make sure that that cartridge if of high integrity and it
is going to hold on to your precious sanple.

Here is a view of the manufacturing lab in
action. These canisters actually contain nask sets and
arrays that are in the process of being nade.

[Slide.]

Graphically, photolithography just allows us to
control the exposure of the derivatized substrate to |ight,
Here is the photolithographic mask, activating only
sel ected portions.

[Slide.]

We have pictured here the sylene linker. The
orange boxes portray the photol abile protective group. The
mask portrayed here, illumnated with U V. light. This is
done in anbient light. It is a U V.-drive process so it is
very convenient. You don't have to do it in a dark room
whi ch is nice.

Il lum nation selectively deprotects the exposed
area, exposing the reactive chemcal group. W add the
phosphoram dite, also photo capped as well, and specific

chem stry takes place at the activated region. By addition
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of different mask patterns, we activate different areas for
addi ti onal synthesis steps.

There are a | ot of things about this process that
make it really anmenabl e to high-throughput, high-quality,
screeni ng of genetic sanples. For one thing, it is a
highly parallel process. The T-layer in these two
positions is laid down in this cycle but so is every T in

that first layer. So, if one probe was nmade correctly, al

probes are nmade correctly for that layer. |f one probe was
made incorrectly, then the entire array will show that as
well. So it is highly parallel

It is a batch nethod. That means, in these
parall el steps, we are nmaki ng many, many arrays at the sane
time in the range of 50 to 400 unique arrays and there is a
great deal of econony there. It is a conbinatorial process
and that nmeans that, for any given |layer, you have one of
the four bases. So it can take nmaximally four cycles of
synthesis to conplete that |ayer

So if you are making 25 oligos, as we do for our
expression arrays, then it takes a maxi mum of 100 steps to
synt hesi ze, for exanple, 50,000 oligos. However, if we
want ed to make 500, 000 oligos, which is the content of our
soon-to-be-rel eased human genone array, it takes exactly
t hat sanme nunber of steps. So there is a great deal of

econony. It is just as easy or challenging to make 500, 000
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oligos or any nunmber of oligos as it is to nmake a snall
nunber.

The photolithic process is also anenable to
mniaturization. W are working right now with 18 mcron
squares contai ning each uni que ol i go sequence in our
upcom ng rel ease. This has conme down from about 100 m cron
as little as four years ago and we are continuing to push
that [imt so we can place nore and nore genetic
i nformati on encoded on that array.

Essentially, it becones an infornmation-storage
mediumin the formof genetic information. W do have
prototype data from our Research and Devel opnent lab with 2
and 5 mcron square features. That would give us the
capability in the same size array that we are using today
to array many mllions of probes, all in the sane small
about 1 centineter area.

[ Slide.]

The array, itself, is divided up. Here is the
original wafer divided up into 49 to 400 chips or arrays.
Each array is conprised of a nunber of 20. W are noving
to 18 very soon--mcron square features containing mllions
of identical probe nolecules. That neans, in a 1.3
centinmeter standard size array, we now, at 18 mcron, are
going to be able to array nore than 500, 000 uni que ol i gos

in that array.
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[Slide.]

As | said, the feature size, being so snall,
allows us to get a great deal of conplexity in a snal
area. So, for nonitoring the human genone, a very
anbitious task, a very conplex task, we use relatively
| arge-si ze arrays that contain that 500,000 probe set. W
are comng out with a two-array set to nonitor the known
human genone early next year.

On the other hand, if you have a nore directed
task, smaller genone, a | ess conplex question that you
woul d I'i ke to ask, you can use that same econony of
phot ol i t hographi ¢ synthesis to nmake up to 400 chi ps per
waf er gai ning even nore manufacturing | everage. So the
format is flexible. The capacity is flexible and grow ng.
And the feature size is going down allowng us to grow that
capacity.

[Slide.]

Expressed in ternms of genes, this is in terns of
expressi on data, genes per chip, back when we started this
effort in 1994, we had about 250 genes per chip. Early
next year, we are going to have about 21,000 gene
expression |levels nonitored per chip, per array. oing
forward, the conplexity of the transcriptone is yet to be
fully assessed but we hope to be able to give you detectors

that will allowyou to assess a very |large proportion of
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that in the near future as that information becones
avai |l abl e.

[Slide.]

Back in 1994, it cost about a buck a gene to do
t hose 250 genes. But now, out here in 2002, we are down
here in the pennies range and we absol utely expect that to
keep goi ng down as we gain nore and nore | everage fromt hat
econom cal manufacturing strategy.

[Slide.]

| want to talk to you a little bit about sone of
t he applications that we have both been providing
commercially for many years and al so sonme research
applications that we have been working on behind the
scenes. The first is actually the product that brought ne
to the conpany. | spent a year of ny life helping to
develop our H'V PRT array. PRT stands for protease reverse
transcri pt ase.

This is a variant detection array or a
resequencing array. W are not discovering new unknown
sequence with this. One of the properties of designing
these arrays is we really need to have a good handl e on the
sequence we are working with in order to design that array.
This is not a fishing expedition. W are using information
that we al ready know | ooking for confirmation or changes

fromthat information.
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So we are asking the question, is a certain HV
sanple or isolate different froma wild-type or an average

sequence, if you wll.

[ SIide.]
This was our first conmercial product. It was
| aunched back in '96. It screens about 1500 bases

conprising of Clade B virus, conprising the conplete

prot ease gene and out to codon 400 of the reverse-
transcriptase gene. It anal yses sense and anti sense
strands on a single probe array. For each position, that
is done mnimally four tinmes, two antisense assays and two
sense. The data i s conbi ned.

In areas of hot spots of nmutation, we add
addi ti onal redundancy so there are as many as 50 or so
| evel s of redundancy | ooking for areas of anticipated
sequence change. The throughput is about four sanples per
hour so you can get this sequence information about four
sanpl es per hour.

[Slide.]

The array, itself, looks a bit like this. | am
ki nd of di sappoi nted because the previous speaker was
speaking of witing things with the arrays. Actually, our
nore recent releases have a little hybridization | abel up
there that will tell you exactly what array it is. That is

ki nd of neat but, unfortunately, we don't have that here.
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But what we are seeing here is essentially four
probes for each base of the sequence of interest. Those
four probes, they happen to be twenty-ners on this
particular array. At either the ninth or the fifteenth
position, we substitute the four bases. The rest of that
oligo is perfectly conplenentary to the wild type C ade B
sequence.

So one of those four bases should light up and we
get a sequence. You can actually read it sonmewhat |like a
sequencing gel since the top rowis the A G Cand T, |ike
that. So you can actually just wal k down there.

on this particular array, there are around 50, 000
oligo probes. Fortunately, with conputers today, we don't
have to do that by eye. W can use the analysis algorithns
that are contained in the Mcroarray Suite software to do
that for us.

At the top here, you can see there is kind of a
different character in this region of the array than there
is down here. It is alittle nore spotty down here than it
is up here. It is sort of a wave-looking intensity as you
go across the sequence. Essentially, we are readi ng down
t he sequence when we go across these streets.

What that is, up at the top here, we have what we
call our standard tiling. Tiling just neans how we chose

the probe arrays. So that is where we have a set of probes
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for each position and just sinply march down the sequence
one base at a time, noving that construct.

But, in areas where there are known hot beds of
nmut ati on, we are going to go in and we are going to
actually provide--we are going to assune that there are
di fferent sequences that we m ght encounter and we are
going to put on what we call alternative tilings. The
alternative is alternative sequences that we m ght expect
to see.

So that is what is going on down here. In many
cases, if there is a wild-type sequence, if there is the
ref erence sequence that is encountered, then these will not
be weighted at all in the analysis. W wll sinply use the
primary, the information fromup here, to nake the call.

However, when there is a nutation, it can nmake it
nore difficult to call the next base and the next base and
t he previous base and the previ ous base because of that
change fromthe wld-type backbone. That is where we woul d
| ook to those alternative tilings to help us nmake a better
call, a nore specific call.

[Slide.]

Anot her thing we have done, and this really cones
out of our research |ab, work done by Tom G ngeras who
couldn't make it today but sends his apologies for that.

He has been working on sonme nycobacteriumwork for quite
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sone time. Wat they did was they started out thinking,
let's do sonme expression analysis. Let's nake a
mycobact eri um expressi on array.

[Slide.]

Sure enough, they did. And here it is. The
mycobact eri um genone conprises about 4.5 negabases. The
array interrogates 4706 genonic |oci or genes and
intergenic regions. That is about 4000 ORFs and about 700
i ntergenic regions

Here is what that array | ooks |ike hybridized to
mycobact eri um RNA.

[ Slide.]

What sort of canme out of this was yes, this is a
great tool to | ook at gene expression. W can extract the
message. W can |abel that up. W can hybridize that to
the array and ask the question, what genes are on, what
genes are off, get this conplex data and start going to
town analyzing that data. It is very conplex data, though
and sonetines it is so conplex that to conme to a firm
conclusion is very difficult. Cene expression data is
very conpl ex.

But what they found was--one of the ways t hat
they do quality testing on these probes to nake sure that

they actually hybridize to the genone is that they wl|
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| abel the genomi c DNA and hybridize that to the array.
Everyt hing should Iight up when you hybridi ze the genone.

[Slide.]

VWhat they found was that, in sone strains, there
are genetic deletions and they can be detected by
hybri di zi ng the genones, for exanple, of the Oshkosh strain
of M tuberculosis, a very virulent strain, | understand,
to the lab strain here. In conparing the two, you can see
that this region right here is present. W would interpret
that as being present. There is a row of perfect-nmatched
probes and a row of mismatched belowit. Perfect-match
probes lighting up indicate that that gene is being
det ect ed.

Over there, you can see that there is an absence
of hybridization in that area indicating that there is
actually a gene deletion. Renenber, this is the genone,
not the expressed material fromthat. So this part of the
genone is actually not present in this very virulent
strain.

This is actually data fromisolates froma San
Franci sco study. It turns out that each of these different
i solates has a different deletion footprint that can be
detected on the array in this fashion. So not only is this
an expression analysis array but it is a gene-mapping

array, or a deletion-mapping array as wel|.
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It turns out that if you | ook at the nunber of
probes that we are using to do the expression nonitoring
here, it conprises, it covers, about a quarter of the
entire genone so that it really is quite a high coverage of
the genone to do this kind of analysis.

[Slide.]

Another thing that the arrays are great is again
| ooki ng at singl e-base changes in specific genes. The RPOB
gene is frequently nutated. That is inplicated in
antimcrobial resistance. Very simlar to the approach
that we took with the H'V array, we can create an array
t hat assesses the sequence variability of that RPOB gene.
Here we are detecting a specific nutation that confers
rifanpicin resistance.

You can see in the data here that here we have an
A-sequence in the nutant. Here we have a high peak in the
nmut ant and we are not seeing that over here. So we can
detect this quite easily with the array. |In fact, we get
information at all points of that gene.

[ Slide.]

So, in summary, the gene chip arrays are great
platfornms to do this type of highly conplex analysis. W
can |l ook at patterns of sequence to | ook for base changes.

The concl usion here; we can see a nutation. That nutation,
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such as in the case of HV, may be associated with drug
resistance. That is inportant information.

We can | ook at the gene expression patterns and
we can do conparison analysis and tell whether that is a
pattern that for each gene is the sanme or whether it is
altered, et cetera. That is a very conplex inplication and
sonetimes the results are not that easy to cone to a firm
concl usion on without a great deal of research.

However, using that sane array, we can do this
full genone fingerprinting and soneti nes we can see
specifically, in the Mycobacteriumtubercul osis
experinments, the specific deletions that are associ at ed
with this increased infectivity. The basic need for this,
t hough, is an index of these deletion nutants and their
associ ation with virul ence.

That is ny last slide. Wth that, | wll just
open it up, take any questions that you nay have.

DR. KAPLAN:. Thank you very nuch for your talk.

DR. ALLAIN. What do you think is the cutoff
point if you want to | ook at nutations versus using the
traditional nmethods |i ke specific probes or RFLP and al
that going to the expense of setting up a mcroarray? Wat
kind of nunbers you would say is the cutoff point going to

that or traditional nethods?
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DR. HURT: Good question. So where does it
becone feasible or desirable to use this massively parall el
format versus nore traditional straightforward, uniplex or
smal | nultiplex experinments? That is a good question. The
power of the GeneChip Array is a nassively parallel
anal ysis so our expression arrays are a great exanple, the
human genone, yeast genone, rat and nouse, very conpl ex
genones. W are using that nassively parallel array of
oligos to give us really nice data on that conplexity,
really deconvol ve those genones into individual datapoints
that we can actually use and anal yze and have the ability
to do nultiple determ nations on each gene and do
statistical analysis on those results.

| f you are going to do an analysis of a single
gene, for exanple, the protease and RT region in HV. It
is 1500 bases. W can do that w th about 50,000 oligo
probes. That is a fair nunber of probes, but there may be
ot her ways to get that kind of conplexity on other formats.

One of the advantages of the GeneChip is the ease
of use. A single operator with sone basic instruction can
start cranking out this data really in a couple of days.
There is no scale-up. You are not in the business of
creating arrays. You are in the business of gathering
data. It is Affynetrix business to create the arrays and

make sure they work for you.
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It is a good question. | amnot sure there is
any single answer. But, thanks.

DR. CHUMAKOV: Do you see any tine in the future
the situation when the end user will be able to create
their customchips with your technol ogy?

DR. HURT: Oh; excellent question. You can do
that today. W will work with you to create custom arrays.
| f you have proprietary genones--for exanple, sonebody
wants to do a zebrafish experinent. A lot of people do
zebrafish research. A zebrafish sequence database, genone
dat abase, we wll work with you. W wll take that
information and create an array, a customarray, for that
custoner alone will be solely avail able there.

There is an investnent, so there is a little bit
of up-front. W have another programthat allows
researchers to either harvest probe sets from our
comerci al arrays--these are expression arrays that we are
tal ki ng about here--so existing probe sets. W have
al ready designed them They are available in our
comercial arrays in whole genone or very anbitious
formats.

You may only be interested in 500 to 1000 genes.
So we have a programto allow you to array up to 1000 genes

either culled fromour conmercial array sets or proprietary
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designs fromyour own proprietary sequence. So that is
sonething that we are doing for our custoners today.

DR. DUNCAN: | would just like to push you to
t hi nk ahead on where the technol ogy m ght go. The kind of
guestion that an audience like this would be asking is when
could this technology be used in a screening, in a clinica
| aboratory. So when | think about an answer to that
question, | think about things |ike, how could the process
of hybridization scanning and then noving on to the next
sanpl e be autonmat ed.

| s your conpany or anybody you know t hi nki ng
about changes in the way the platformis put together so
that a single chip, for exanple, could be reused
sequentially one sanple after another?

DR. HURT: Excellent question. W are definitely
t hi nking along those lines. W are currently in the
process of building partnerships with conpanies that are in
the clinical markets today to hel p us along that path.

As far as the reusable array idea, we think of it
this way. W want the best data that you can possibly
have. If you reuse that array, degradation is going to
occur. It is inevitable. Nucleic acid is not that sturdy.
So the answer is nake it affordable to use additiona
assays. Have a manufacturing process that is sal able that

you can generate as many arrays at an econom cal price as
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array out, get out a fresh one.

That is sonmething that our manufacturing
technology is fully capable of. About two to three years
ago, there was a great deal of bottleneck in the array-
delivery process. People were waiting literally ten,
twel ve, weeks to get a delivery of a GeneChip array.

O course, that was not satisfactory to us.
Today, we are quoting a two-week turnaround with the
caveat, order as nany assays as you want. W can deliver
them So the capacity is there to deliver these arrays at
an econom cal price. The price for academ cs, for exanple,
has conme down al nost tenfold over that tine period. So we
believe that the format doesn't warrant reusing the arrays
with the danger that that is going to taint your results,
that you can use a fresh array every tine. The
manuf act uring economes are there to allowthat to be a
very affordabl e process.

Thi nki ng about the clinical market, we see--right
now, gene expression is our main activity. As a field-
application specialist, |I spend probably 90 percent or nore
of ny time supporting our expression customers. A |lot of
peopl e are using our expression arrays.

Goi ng forward, we are thinking about the clinical

mar ket by doi ng sone basic research. W have spun out a
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conpany called Perlegen. Perlegen's mssionis to use this
array technol ogy, not small arrays |ike we provide
comercially, but whole wafers containing 60 mllion unique
probes to scan the entire genone | ooking for genetic

di versity.

Their goal in the first year is to scan the
entire genonme of 50 individuals and bank that infornation,
analyze it. Try to determne, for exanple, patterns or
hapl ot ypes of genetic variation that m ght be useful as,
for exanple, in anticipating disease susceptibility or drug
resi stance or toxicity, those sorts of things.

But, really, that is an endl ess pipeline. Once
we have that information, the capability to do that, then
do you provide the full genone screening? Wat do you do
with the informati on and how do you provide that? W are
really in the vision process. Perlegen is about halfway
t hrough that first year.

But we are |looking to loop that. That is an
i ndependent conpany. W supply themw th these arrays and
they supply us and share the data with us and work to gain
synergy fromthat research and devel opnent. This is never
going to be a comercially avail abl e product.

This is a very industrial -strength type of gene
chip. But ny understanding is that one technician can run

three of these experinents in an afternoon and that that is
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an equi val ent data output to 196 well sequencers running 24
hours. So it is really a m nd-boggling anount of data.

Where is that going to lead us? W really don't
know yet because we have to |look at the data. But that is
the kind of basic research that we are using to gauge our
f orwar d-| ooki ng vi si on.

DR. TABOR Ed Tabor, FDA. Saying that it is the
equi val ent of sequencing so many mllion hours or
sequenci ng on am no-acid--I nean a sequencer, an autonated
sequencer, is neaningless for what we are tal king about in
here and saying that the price has come down tenfold from
three years ago i s neaningless in here.

| f you are going to use this technology to screen
bl ood for viruses, for instance having all of your NAT
screeni ng on one chi p, maybe having several different gene
sequences for each virus on one chip, first of all, it is
probably going to have to be a lot faster than the rate
that it is being done now.

You are going to have to get the price way down.
| don't know what tenfold | ower than three years ago neans.
| f you are going to have chips that have to be thrown away
after each bl ood sanple, are you going to be able to get
the price down so that a conpany that nmakes NAT tests can

provi de these to bl ood banks around the country and for

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

12 million units of blood to be screened, 12 million of
source plasnma to be screened every year?

DR. HURT: | think the answer is yes, we can.

The current list price for those HV arrays that we tal ked
about is about $100. It takes about 45 m nutes to run that
test on the systemonce you have | abel ed nucleic acid. The
| abeling takes about three or four hours prior to that.

DR. TABOR So, for that hundred bucks, today,
which is only materials, not technician tinme, how many
sanpl es can you screen?

DR. HURT: That is an array cost. Then there is
a cost for labeling. So probably $150, $200 for the--

DR. TABOR: For how many--if you were using--

DR. HURT: For a single sanple.

DR. TABOR: You are tal king about a very
expensi ve screening test, | realize. | amtrying to get an
i dea of where we are in terns of --you are descri bing
sonething that it still in the very early stages; right?

DR. HURT: Yes; absolutely. As |I have said, we
are very nmuch in the vision phase of our clinical corporate
devel opnment. W have actually partnered with sonme clinical
di agnosti cs conpanies to help us along that road.

DR. TABOR: For that to be feasible for bl ood

screening in the bl ood bank- -
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DR. NAKHASI: But | think the question, and what
you are trying to ask, is that, in that situation, you can-
-and if it is a $100 chip, if there are ten or twenty or
thirty pathogens at one shot, you can do that. So,
therefore, the cost is really--

DR. TABOR: |s reduced; that's true.

DR. HURT: That is one elenent. The other
el ement is--the H'V product that | just quoted you a price
on is really a proof-of-concept product. It has been out
for about four years now Frankly, it is not going like
wildfire so there is not a |lot of volune there. That
doesn't allow us to gain synergy fromthat nmanufacturing
strategy.

Al of the investnment to nake these assays i s up-
front. Wen we design the arrays and nake those
phot ol i t hographi ¢ masks, that is the investnent. The nore
assays we sell, the nore we have ties to that up-front
investnment out. These are literally going to continue to
go down for the foreseeable future.

DR. TABOR: You are still talking about sonething
that has to be thrown out after each unit that is screened.

DR. HURT: Absolutely. W firmy believe that
the quality, just as it is if you strip a Southern Bl ot,
you probe it again, you get aresult. But it is alittle

bit dirtier than it was the first tinme. Sonetines, a |ot
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dirtier. You are not sure if it was conpletely stripped or
not. All those sorts of things.

Qur goal is to nmake this econom cal enough. W
feel your pain about the price. W want it to be in every
lab as well. W are working toward that goal and we think
we have cone a |l ong way and we are going to continue to
make those efforts to bring those prices down and to
arrange, and we continue to work to make the assay, the
preparatory side, as economcal in tinme as we can

DR. KAPLAN: W have one |last short question from
Dr. Asher

DR. ASHER: | just wanted to make sure |
understood. The |l abeling is PCR | abeling--

DR. HURT: For the H 'V assay. W have nany
assays and the labeling is unique for each one. As you can
i magi ne, there are multiple ways to get a |abel onto a PCR
product, et cetera.

DR. ASHER: But each viral gene would require a
separate | abel ?

DR. HURT: Yes; that is probably true. W don't
have that nmultiple virus array. Building the array is not,
frankly, the challenge right now. It is building the
array, as was pointed out.

DR. KAPLAN. Thank you very nuch
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We are closing this session. W invite you to
t he panel discussion starting a few mnutes from now.
[ Break. ]
| X. PANEL DI SCUSSI ON
Panelists: J. Allain, C. Bianco, M Busch, |I. Hewett, S

Kl ei nman, H. Nakhasi, M Nubling, J. Saldanha, S. Straner,

E. Tabor
DR. TABOR: (Good afternoon. | would like to
wel come you to the panel discussion. | think we will begin

by going around with sonme introductions. Even though there
are nane plates here, | think, perhaps, they can't be seen
fromthe back of the hall.

| am Edward Tabor from CBER at the Food and Drug
Adm ni stration.

DR. STRAMER | am Susan Stramer fromthe
Anerican Red Cross.

DR KLEINVAN: Steve Kleinman from Victori a.

DR. HEWLETT: Indira Hewl ett from CBER, FDA

DR NAKHASI: Hira Nakhasi from CBER, FDA

DR. NUBLING M cha Nubling fromthe Paul Ehrlich
Institute in Germany.

DR BIANCO | am Cel so Bianco from America's
Bl ood Centers.

DR. BUSCH. M ke Busch, Bl ood Systens, San

Franci sco.
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DR. SALDANHA: John Sal danha from the Nati onal
Institutes for Biological Standards and Control in the UK
DR. ALLAIN. J.P. Allain fromthe University of

Canbridge in Engl and.

DR TABOR | would like to invite the audi ence
to participate in this. | amgoing to try really hard to
be a little controversial. | amgoing to start out by
bringing up NAT testing for parvo B19 and HAV. | thought

the presentations in the session on parvo and HAV were
excellent. There was a |lot of data presented about how
much parvo there is and how nuch HAV there either is or
isn't, but where I thought we were left a little high and
dry was nobody really said what they are planning to do.

What is going to happen in the bl ood conmunity?
What is going to happen in the source-plasm and
fractionation comunities? Maybe we can start out with the
panel nenbers and, since soneone fromthe Red Cross is
sitting next to me, we can start out with her. But then
woul d i ke to ask the audience if anybody is willing to
tal k about what they see comi ng down the pike in terns of
testing because what a |ot of people do wll force
everybody el se to do |ikew se, probably.

DR. STRAMER: Thanks, Ed. O | amnot sure |
shoul d thank you. Cearly, the source-plasma industry has

adopted the route that they do in-process testing only.
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Most of the industry, | think all of the industry, resolves
to individual donation. They nmanage the positive product.

| don't believe they do any product retrievals unless they
are within the six-nonth tinme line of the PPTA standards
and they don't do donor notification.

Perhaps the sinplest route for the whol e bl ood
i ndustry would be just to follow that sane pathway. The
conplication is that we have red blood cells and platelets
that are conponents of the blood collection. That is why,
in at least nmy presentation, | presented the two-phase
approach to nmeet our recovered plasma needs. Qur plasna
operations fol ks are adamant that they want to be at parity
with the rest of the industry and have recovered pl asnma
screened for parvo and HAV.

That is why we are going to have to start by
outsourcing testing. By doing outsourced testing, the tine
line involved in doing that will cover the period where our
red cells and platelets will expire naturally. So it won't
be sonething that we are nethodically doing to plan to have
t hose whol e- bl ood recipients get the parvo-positive
products and not have plasma conponents be parvo-reactive.

Whet her that is the correct paradigm Kevin Brown
is out here and he certainly can comment nore on the

clinical features of parvovirus and at-risk recipients.
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But | think many of the presentations did cover that there
woul d be sone patient benefits.

We can't quantify that. | don't think there have
been really good prospective studies done with parvo to
know really what the clinical burden is on the transfusion
community. So | think, for now, to answer your question,
Ed, what the Red Cross will do is, as we tal ked about a
Phase | approach, will be to outsource testing but
eventually we would like to, as we did with HV-1 and HCV.
have control of our own testing, be able to do testing in
real time and control all products based on positive
results.

DR. TABOR: | know you sort of addressed this,
but could you just comrent on what your future policy would
be in ternms of donor notification?

DR. STRAMER In the phase 1 approach, we
woul dn't resolve to individual donation. So we would have
no donors to notify. It would alnost be identical to what
happens with SD plasma at Vitex where resol ution only goes
down to a pool of 20 and not hi ng happens beyond that.

DR. TABOR. But, in phase 2?

DR. STRAMER  That, | think, still has to be
negotiated with FDA. A nenp was witten at the request of
Cel so which he will obviously conment on as well, Celso

Bi anco, and Dr. Nakhasi had basically addressed sone of the
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concerns and said we woul d consi der the way we outline
testing that it would be consi dered donor screening by the
FDA and that woul d include donor notification, actions on
previ ous col |l ections, sone period of donor deferral.

DR. BIANCO So it is my turn? | think that we
have to ask, as we start that, what are the issues that we
are trying to address. There are two different issues
here. One is the issue for the plasma industry. The other
one is the issue of patients that would be at risk of
receiving a unit with a high titer B19.

For the plasma industry, it is very clear. There
are limtations to current inactivation procedures. The
pool s are | arge and the chances of having a pool
contam nated with B19 are very high. So there a sinple
approach that can be inplenented fast and i s being done by
several of the conpanies, as we heard here, and saw a | ot
of very nice data, can reduce the burden trenmendously and
be of imedi ate benefit to patients receiving those
pr oduct s.

From the point of view of the whole-bl ood donor,
and Sue raised very well the issues, the inpact is nuch
smaller. The patient population that really is at risk is
smal |, well-defined or at |east nostly defined. It wll

take a while for us to get there.
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So, while the Red Cross is thinking about the
phase 1 approach, we are thinking about the one-phase
approach; that is, the in-process testing wthout
resol ution of pools and wi thout donor notification. As we
| earn nore about the assays and process and can cone to the
| evel of individual donor screening, what | foresee is
different. It is not a general--but that is an opinion and
an opinion of a few of us--is screening for specific use,
the sane way that we do screening currently, for instance,
for CW virus, the sanme way that there have been
di scussions that we should do screening for Babeosis, for
Babesium m croti or other Babesia agents.

When we are going to transfuse units to patients
that could be very susceptible, an AIDS patient or a
pregnant wonman, that we would then select units that are
negative or have a lot titer of B19. Actually, at that
point, | don't think that we can even tal k about a 10*
cutoff. Wiat | would like to transfuse into a pregnant
wonman is a unit that is negative for B19.

So | hope that we can--and also | said that
yesterday | am very happy that Mei-ying presented to us
actually a table of what would go into an I ND and how we

woul d approach that from our point of view
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DR. TABOR: Thank you. |Is there anyone fromthe
fractionation industry who could comment on B19 screening
or HAV screening?

DR ZERLAUTH. Wth respect to parvo B19, | think
the way is fairly clear. Not only Baxter, but the whole
i ndustry, PPTA, has decided to add parvovirus screening to
their voluntary standards that are be introduced begi nni ng
next year.

So, for the industry, I think this route is
clear. Sone sort of algorithm one or two we have seen
wi ||l be enough to then we try to reduce the intake or the
rate of virus in pools.

DR. TABOR: To what extent is parvo and HAV
screeni ng been done today? Wat percentage of blood and
what percentage of plasm?

DR ZERLAUTH. Baxter does every drop. Aventis,
the sane. To ny know edge, Al pha is--you can--

DR. PEDDADA: Lorrai ne Peddada from Al pha
Ther apeutics Corporation. Maybe you m ssed ny
presentation, but we initiated screening Decenber, 2000.
So all plasma is currently being screened.

DR. HURT: W have accounted for Baxter, Bayer,
Aventis and Alpha. | think that covers the U S. source
plasma. | think there is zero bl ood being screened.

think the parvo discussion is really very conplex and very
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difficult. Some of the issues that | thought of that Cel so
di scussed is the chall enge becones if we have a test
avai |l abl e and we have the ability to test in-house, that is
where the conundrumsets in. 1Is it ethical to wait 42 days
to test and rel ease conponents wi thout any screeni ng when
we clearly know there woul d be benefit?

We have patient groups identified, just |ike we
do for CW, who would be at risk but we really don't know
how far that extends. | really think, and that was an
outcone of the NIH workshop that we had i n Decenber of
what ever year that was, 2000 or 1999, that nore studies
need to be done in the transfused comunity. W really
don't have the answers to those questions.

But, if we do have a test in-house, certainly we
do know a unit that has 10° or 10 virions per m that is
anti body- negative is going to transmt infections of any
reci pient and recipients are not typically healthy
i ndividuals. That is why they are receiving bl ood.

So | would say that we woul d be doing a
di sservice to our recipients with that type of nodel. The
ot her question is will we ever be able to have a parvovirus
screen that goes down to zero copies per m. After soneone
is infected, there is a long period of time where virus
tails or trails off for naybe up to six nonths, maybe even

longer. In that state, it is heavily conplexed with
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anti body. W have no idea if those units would be
infectious. Data from Japan suggest that, in the presence
of 1gG such material wouldn't be infectious and maybe only
the lgMpositive units would transmt.

So | just think there are a | ot of issues that
need to be discussed and | don't know what the correct
pat hway, neeting with the nmanufacturers, the regulators and
t he whol e-bl ood industry to determ ne what type of pathway
there is. So | don't knowif we can all agree on what
pat hway we woul d choose to use, but, obviously, that would
be a desired outcone.

DR TABOR | see two hands in the audience. Dr.
Kl ei nman, you wanted to comment ?

DR. KLEINVAN: | was just going to conment on the
sel ective approach and say sonething simlar to Sue.
don't think that is a good nodel. | think it is a nodel
that we had for CW because the only way we coul d screen
for CW is to do antibody in half the units. W couldn't
supply CW-negative units to everybody so we had to nake
choi ces.

But | don't find that preferable at all to--we
can't really define i nmunosuppressed groups as well as we
mght like. It is logistically conplicated for hospitals
to actually execute that reliably. 1In fact, that is one of

the argunents that proponents of universal |eukoreduction
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have nade, give it to everybody because you can't assure
that you do it correctly.

Sol think it is a nodel that worked, but | don't
t hi nk we shoul d nove that way. So either we should provide
parvo-negative bl ood or we shouldn't. That would be ny
view So it still doesn't answer the question as to which
approach we should take, but | don't think that m ddl e-of-
the-road one is a really viable option in ny opinion.

DR. BIANCO Just to conplete that. Wen | nake
t hese considerations, Steve, it is not just as--if the
assays were here and easy and we could just inplenment it,
that's fine. W are going to go through a process and the
process of inplenenting parvo in whole blood will take a
year, a year and a half, for us to get there. The process
of getting into the clinical trial and real devel opnment of
a BLA and going for a licensed product for blood screening
is three or four years ahead.

So | wanted us to do it in a tinmely manner and
probably, in between, as we get the information, an
internedi ate step woul d be the specific popul ation.

DR. TABOR  There were two hands raised in the
audi ence. Yes; in the mddle?

DR. VENNER: Al bert Wenner of Aventis Behring. |
just would |ike to enphasi ze what CGerold Zerlauth said

about PPTA. There is the voluntary industry standard for
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PPTA to reduce the anmpbunt of parvovirus B19 entering the
manuf act uring pool by up to the end of this year that each
donation pool, sanple pool, will be tested and the m ddl e
of next year that each vaccination pool wll be rel eased
when the titer will be less than 5--or up to 5 | og
International Units. Then the fractionation pool wll be
rel eased.

DR. HEATON: Andrew Heaton, Chiron Corporation.
For us, as a manufacturer, there really is atinme and a
cost issue here in that we are ready and prepared to
manuf acturer an ASR specific reagent next year which woul d
be manufactured to GW standards and which would allow a
user to test in real tinme for parvo B19.

For the blood centers, they are selling their
pl asma onto fractionators who nmake products that conplete
with a product sold by Baxter and Aventis and others.
| ndeed, Aventis has recently been approved to nake a
product claimthat its product has been screened and tested
for parvo B19.

So, for the Red Cross and Bl ood Systens and
others, if they cannot test for parvo, they will be forced
to sell their plasna at a discounted price. So, if the FDA
applies one standard for the plasma industry and a separate
standard for the whol e-bl ood industry, you are going to

transfer a cost to the whol e-blood industry which will be
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di sproportionately greater than the cost that will be borne
by the source-plasma i ndustry.

So, from our perspective as a manufacturer, we
are seeing FDA guidance as to whether this is really an in-
process test to inprove the quality of plasnma or whether
this is a donor-screening test to inprove the safety of
bl ood for bl ood recipients.

At present, the agency appears to have taken the
position that this is an in-process test to enhance the
safety of plasma. |If that is the case, we can provide a
test next year which would be very good val ue and very
speci fic and very easy to inplenment.

But, if you take the position that this is a
donor-screening test, then you are tal king about a two- to
t hree-year BLA process and/or the associ ated expense. So,
as manufacturers, we need your guidance on that issue.

DR TABOR: Dr. Dodd?

DR. DODD: | agree with what you are sayi ng,
Andy, but I think we have also heard fromDr. Epstein and
ot her people in the agency that if you do sone screening
for plasma purposes, and you know that you have a pool of
sanpl es or a pool of donations that include one with a high
titer of B19, it has been made quite clear to us that, if
the products are avail able, we have an obligation to get

t hem and not transfuse them
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This al so conplicates the issue because it neans
that you are either purely in process or you are doing
sonething artificial and frankly logistically very
difficult which is waiting 42 days before you do your
testing.

O you are back in the situation where you do
need to think about individual donations. | don't think
any of it is sinple but we have got sone gui dance that also
makes the choice of approach sonmewhat difficult.

DR. TABOR: A comment in the back?

DR, GALEL: Susan Galel from Stanford. | think
what Sue Straner said is the key and that is that we don't
really know about the transmssibility of the agent and
what titers will transmt disease. |If all of the different
viral concentrations will transmt disease in the whol e-
bl ood setting, then you will not get increnental safety
just by screening for high titer units. It is silly just
to only discard those units.

So then we should be screening all of the units.
Then that is where you get into the need for selective
testing because the preval ence of virem c donors is so
high. So | think we really need to know nmuch nore about
what dose of virus is infectious in the recipient

popul ati on.
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DR ALLAIN:. | wanted to cone back to this issue
of infectivity because we heard, on several occasions, this
magi ¢ nunber of 10* as being sonmething that corresponds to
noni nfectious. In fact, | think, rather than that, it
reflects the anount of virus that can be effectively
neutralized by the antibody in the pool. | don't think it
has anything to do with infectivity.

It is the sane if sonebody has been infected and
recovers and, from 10'° again to 10* it is no |onger
i nfectious because there is neutralizing anti body. So I
think there is no magic in 10°. The real question is what
nunber of infectious particles are necessary to be
transmtted.

It is like for HCV. In a chronically infected
i ndi vidual, only about 5 percent of the viral particles you
detect by RT PCR are infectious because they are free
particles. The other ones, being conplex, are
noni nfectious. | believe it is the same for B19.

So I think we are tal king about sonething that
has very little to do with infectivity when we give a
nunber in DNA copies. | don't think it means anything. If
you wanted to really do infectivity studies, it should be
by taking the sanple from soneone who is newWy infected

during the w ndow period and nake dil utions of that and use

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

it toinfect. Then you would have sonething real about
what the virus infectivity is.

But if you take sonething with anti body, you
don't have any answer at all.

DR. BUSCH. | think the issue, to nme, is would we
consi der screening for B19 or hep A of blood donors if
there weren't this evolving pressure fromthe plasnma side.
| think we have been transfusing units for decades with a
preval ence of these agents. They are very common. The
di sease penetrance is extraordinarily small. Froma
qual i ties-gain perspective, we are going to be talking
about m nuscul e safety advantage to the general popul ation.

| think we have obviously had to deal with the
first HCV, H'V, pressure com ng fromthe plasnma industry
and successfully responded to that. But | think devel opi ng
t he paradi gm of del ayed testing and resolving only down to
a m ni pool context will help us in the future have an
alternative strategy to deal with what are appropriate
i ssues comng fromthe pool ed derivative side.

| think putting into place the |ogistics, the
ability to store the units and to do the del ayed testing
and deal with what other regulatory issues cone out of that
is a good thing because | think these agents that we are

going to need to test for for derivatives, we need to be
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able to separate what is justified for derivatives versus
what is really justified in whol e-bl ood screening.

We are not going to be able to do on-line whol e-
bl ood screening for these agents for |ess than $3.00 or
$4.00 a donation. | have talked to the conpani es about
that. W are going to be | ooking at the sane kind of
infrastructure costs as there are for these NAT assays. To
me, it is just extraordinary that we woul d consi der doi ng
t hat .

DR TABOR | would like to change to a different
subj ect now and junp ahead to GeneChip m croarray
technology. | feel that the | ast session ended without
really focusing on what the mcroarray technol ogy neans for
the bl ood and plasma industries in the com ng three or four
years.

| would like to point out that Dr. Peterson
showed a slide with, | think, about six panels on it, or
was it nine panels--six panels of six different things that
can go wong with the mcroarray test that will prevent,
for the short term its being used in blood banks. It
included things like scratches on the cassette, dust, too
little nucleic acid and so forth.

In addition, we heard Dr. Hurt, | think, saying
that to do mcroarray testing on blood and pl asna

donations, you are going to have to throw away the chip
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after each donation is screened. Although, as Dr. Nakhasi
poi nted out, you do have some cost savings by having al
the tests for all of the analytes on the sane run, you are
tal ki ng about in excess of 24 mllion chips a year.

| also heard--in the break, sonebody told ne
that, at one or nore of these conpanies, the chips are
still being nade by hand. The manufacture of them has not
even automated yet. So, 24 mllion is only if you never
have to throw any out. You are tal king about a very |arge
production goal for sonething that is still being done by
hand.

| was wondering if | could get some di scussion
fromDr. Peterson and maybe Dr. Chumakov, Dr. Hurt, about
whet her there is any likelihood that our NAT testing of
bl ood and pl asna could be done with this technology in the
next few years or is this sonething that is going to be
done ten years from now.

Dr. Peterson, could you conment?

DR. PETERSON. For right now, I would say it is
still in the research phase. But | would anticipate within
five years, we will see some prototypes, maybe not for
testing for disease, per se, but | think they are working
al ready on testing for patients who are suitable for
certain kinds of drugs and what kinds of adverse reactions

they may have. The technology wll evolve, | believe,
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within the next five to ten years but, at this stage, it is
purely research.

DR. TABOR: You nentioned that there is a conpany
that is focusing on bl ood testing.

DR. PETERSON: Yes; Mdtorola is devel oping a
device called the EChip. It basically only has a couple
hundred DNA probes on it but you can use it to detect
el ectronically whether or not there has been a
hybri di zation event. Their first markets will probably be
for testing for suitability for drugs. Again, a lot of it
i S expression assays, expression profiles, that people are
| ooki ng at.

DR. TABOR: Dr. Nakhasi?

DR. NAKHASI: Ed, | think, as you have pointed
out, this is just basically what--it is at the infancy, |
woul d, say in regards to clinical use. | think we need to
keep our m nd open about how we can, and think how we can
go in the future, how we can utilize it.

The interesting part, what | see in this whole
issue, is making a multiple conplex. You can increase the
conplexity in the thing. However, there is a caveat to
that, also. How many can you make a nultiplex and stil
mai ntain the specificity and the sensitivity. | think that

is one other issue that needs to be understood.
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| was having a side conversation with Dr. Hurt
on the outside. They are already thinking in those
directions. My Dr. Hurt can put a light on that
conversati on.

DR HURT: One thing | would like to conment
about. The manufacturability issue was raised. W, at
Affynmetrix, have spent many years focusing on that as a
core conpetency. W believe that, today, the assays are
deliverable in literally any volume that is desired.

We have a great deal of excess capacity built
into our system a great deal of scalability in our
manuf acturing plant planning. So, as far as being able to
deliver a mllion arrays, or whatever, we have been
shi ppi ng hundreds of thousands for arrays for a couple of
years now. W are really up to speed.

So, in terns of volume and robustness of
manufacturing, | think that that, as far as Affymetrix
goes, is a very solid part of the puzzle that is already in
pl ace.

A side conversation. W have been thinking very
carefully about how to make an entry into the clinical
mar ket pl ace. Frankly, this GeneChip Array, the conplexity
and the highly dense nature of the oligos make it very
uni quely suitable for certain things but it also neans that

it is too big of a gun for certain other things. It is
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certainly not going to displace every other technol ogy that
is available in I abs.

It nmost likely will not be economical for very
| ow conplexity testing. 100 oligos? The GeneChip is
probably not your platform A mllion oligos? | don't
know of another platformthat | could think of. So I wll
just leave it open to the discussion.

DR. TABOR: Dr. Chumakov?

DR, CHUMAKOV: | think, at this point and,
perhaps, for the foreseeable future, this gene-expression
analysis is a discovery tool. It is very good for | ooking
for patterns. As soon as you identify a pattern that is
associated with a certain condition or presence of a
certain virus, then you want to downsi ze the chip or maybe
even nore to an entirely different type of assay and just
foll ow the marker that you discovered by using this
t echni que.

It can be even not a nucleic-acid-based test.
There are a nunber of other platforns, mcrochip platfornms,
that are reusable. 1In addition to Mdtorola, there is
NanoGen, a chip that | think is about 10 by 10. It is like
100 el enents but it can be reused many tinmes. So there are
a nunber of ways to address this, but | don't think that
this generic 10,000 or 20,000 gene chip is a viable routine

test. It is nore for research, for discovery of markers.
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DR. TABOR  Thank you. Dr. Dodd?

DR DODD:. There seemto be a nunber of ideas
that have crept into our field. | amnot sure where they
have cone from-that really need a | ot nore careful
thought. | think the GeneChip technol ogy for screening
bl ood is one of these ideas. | amnot sure how these
things arise. Another one is that everything is going to
be great when we have a test for vCJD and another one is
that virus inactivation is the answer to all ills.

| think we need to be nmuch nore critical about
t hi nki ng through these concepts. | think the nessage that
| got was exactly the one that has just been presented to
us by the peopl e who discussed chip technol ogy, that this
is not the way to go at the nonent, but maybe sone
directions and ideas can cone fromthat. But we need very
critical about "this will save us all,"” because I am not
sure that a ot of these ideas really wll.

DR. NUBLING Maybe | can give a comment, a quick
point. | think, for diagnostic purposes, the array
techni que works, it works very good. But, for screening,
we are | ooking for pathogens for viruses which are not
normal |y distributed. They are distributed after Poisson.
There are few particles in one m. | have a nunber of
doubts about the sensitivity that we need for screening

what you have to offer with the array technique.
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DR. ALLAIN: M understanding is that one of the
mai n uses of mcroarray is when you have substanti al
genetic polynorphism | think, in the area of bl ood
banki ng, testing for HLA genotyping could be the first area
| would go for, if |I was going for any--in our discipline.

DR. NUBLING But the genom c background. 1In the
genom ¢ background, it is enough material. You have no
difficulties, then, to discrimnate between phenotypes and
so on.

DR. NAKHASI: | think, if | nmay add to that, it
is right. You have to be creative in thinking what kind of
t echni ques or technol ogi es you can exploit in the sense--
like I was just talking to sonebody--drug resistance is
anot her issue. If you know where the drug nmarkers are, you
can utilize those types of things.

So one does not have to think of it in the way
that this is the solution for all the ills but has to keep
on thinking open about it, how we can utilize it. | was
not involved when the NAT testing canme into being and | am
sure the sane questions would have been raised at that
time, is it possible, is it feasible.

But, as Dr. Duncan earlier pointed out, | think
we have to keep thinking how we can use it, be critical, as
Roger said, and al so think what woul d be the best way you

can utilize it.
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DR. HEWETT: Actually, | would just |like to add
to that. Back in 1994, when we had our NAT wor kshop, |
think the general sense was that nucleic-acid testing is a
good tool but we were not ready to inplenent NAT in any
fashion at that point for donor screening.

But, thanks to the help of NIH in a couple of
years, was saw | NDs and we have succeeded in putting
nucl eic-acid technol ogy in our blood banks. O course,
that is done in a different format. That is basically in a
ELI SA type of format which has al ready been put in bl ood
banks previously.

So the next and natural progression seens to ne
going in the direction of perhaps exploring other
platforns. That is when chip technol ogy beconmes one of the
candi dates that would be worth exploring. O course, it
woul d become useful only if one could put on, as was
poi nted out by the experts here, if you could put on nore
than 20,000 or a mllion targets in there, it would becone
useful and it woul d becone cost-effective.

So | think the issue is really whether we should
explore that. | think what you are hearing is that,
per haps, we would start by |ooking at HLA and meki ng sone
inroads into actually putting this platforminto the bl ood-
bank setting and then going fromthere as to whether it

coul d be expanded to detection of pathogens.
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DR. TABOR: Cel so?

DR. BIANCO | want just to give a little bit of
a custonmer point of view. | think that what we are | ooking
for is not necessarily the chip technology. | think that

what was sought is a possibility to automate, sinplify and
i ncrease the nunber of sequences that we can exam ne

We are | ooking very specifically for high
sensitivity. It is not genomic DNA. | think that that is
a very good point. So I think that it is worthwhile
| ooking not only at a chip but anything that can facilitate
that process by which we can exam ne, with high
sensitivity, a large nunber of sequences in an autonated
fashi on.

DR. TABOR: Dr. Kapl an?

DR. KAPLAN: One point | would like to nake is
that there is a general consensus that it is a conbination
of techniques. Gkay, you can anplify your sequence using
PCR and just detect it with a chip using specific oligos.
But there are many ot her ways of anplifying very | ow copy
nunbers that you can use a conbination of hybridization
t echni ques and PCR anplification.

So | don't think that the point that was made
here of the sensitivity has any inpact on the use of the

chip, as Celso was doing, as a general hybridization
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platformto | ook at a | arge nunber of pathogens at the sane
tinme.

The other thing, | couldn't ask a question
before, but one of the problens that | see on the previous
guestion, on the B19 and HAV, is that both viruses have
been bundled. They are two conpletely different problens
and they have two conpletely different answers. | don't
think we tal ked about HAV at all. Basically, our
conversation was on parvo B19. So | don't know if the
panel would be interested in bringing it up again or not.

DR. TABOR. Dr. Busch.

DR. BUSCH. Sonething | have thought about in the
past but Celso just triggered again. The concept of
mul ti plexing is innovative and, obviously, appealing in
concept. But, when that hits the regulatory reality, it is
not very easy to bring forth. GenProbe Chiron have
devel oped a nultiplexed H'V, HCV. But when the issue cane
forward about adding HBV to that, they have taken that
mul ti pl exed dual assay through clinical toward |icensure.
In essence, they would have to go back to step 1 and create
atriplex. 1t turns out the Roche users are in a nuch
better position because they sinply have a third assay to
add to an extract.

So, as you get into the regulatory and |licensing

side of this, you lock yourself into a systemthat is
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mul ti pl exed in one configuration and isn't flexible toward
subsequent nodification and |icensure.

DR. NAKHASI: | think you are right. | think we
need, as regulators, also, to keep changi ng our thinking
al so because | think that is an inportant issue. | think
we have to keep up wth technology. W have to keep up
with what is out there and what kind of inmpact it will have
and not go by the "classical" thinking that we cannot do
that thing. | think that is very inportant point.

DR. TABOR: Dr. Zerl auth?

DR, ZERLAUTH. | would like to add a nore genera
view on this technol ogy, the mcroarray or M croChip
technology. | think it is an attractive technol ogy and we
certainly can overcone--or not we, but those gentlenen can
overcone the problens still involved. But, basically, we
are targeting very fewtargets in mllions of sanples.
This chip technology offers us a mllion targets in one
sanpl e.

| think this is the crucial point and I woul d
foll ow Chase's wording in saying we should rather pursue
the sinplification and the automati on of what we have
because now we are going for five viruses, we could easily
add five nore, because once you have installed that system
it is actually a matter of--it is no big deal to add

further tests.
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| think if we automate that and if we nmake it
really stable and sturdy, we are better off for the nonent.
| don't mean we shoul d not pursue these mcroarray
techni ques, but, for the nmonment, | would buy an aut onated
t echni que rather than mcroarray systens.

DR, HURT: | just want to sort of anplify on
M ke's point on the point about bringing the right gun for
the gane. The GeneChip platform the array, is sinply a
detector. It depends on what you use it for, what are you
applying to that detector. Mking the detector is no
| onger the gane. How do you prepare a biological sanple
and make use of the wonderful multiplicity of that
platform That is what we need to think about and
integrate into our strategies.

So, if we want to look at a mllion viruses,
maybe a year fromnow, we will be making that mllion-virus
array. No problem But how do you effectively | abel and
prepare a mllion different virus targets for that
platform So we need to really focus on the front end, not
really the back end. It is neat. |It's great. It's new
But we need to use it appropriately and we need to use it
towards its strengths and not try to apply it towards
sonething it mght not be so suited for

DR TABOR | would like to ask some of the test

manuf acturers if they could comment on this type of
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technology. | don't see the people from NG anynore,
al t hough they were here quite late today. But | see
soneone fromChiron. |Is it possible to get you to just
comment on where you see the future of this type of

aut omat i on goi ng?

DR. PHELPS: Bruce Phelps fromChiron. | think
the chip technologies will definitely have a place in the
future. | would agree, | think, at this point that they
are useful for research purposes. | think if you can pick

the right sequences and you pick a few sequences that wll
determine with certainty that you pick up all genotypes,
for example, for HYV, HCV, HBV, that you could do it with a
l[imted array and that m ght be what we would want to
i mpl ement first.

| am not sure that the manufacturing capability
is there to make the large nunbers yet. | think we would
have to evaluate that. But | think that, in the future,
that that potential would be there.

| think Indira' s point about 1994, when we were
all thinking the sane thing about NAT technology is a very
good one. If we apply the right focus and the right
support for these types of projects in industry, we can
come up with the tests that are needed. | think that the

mul ti plexing of the test is something that we have all been
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t hi nki ng about. We would all like to see the right way to
i mpl enent it.
The inplications, | think, have been raised

already with respect to the ability to expand the
technol ogi es to include new viruses and new entities. But
we al so have to think about the regul atory approval cycles
that we go through and how we can expand t hose and change
t hose over tine.

So | think that the doorway is just now being
opened. | think there are sone good |ights at the end of
the tunnel that we can conme up with products. Wether it
is five years fromnow, whether it is ten years from now,
don't think we can tell.

DR. KLEINVAN: | am just thinking about the
clinical trial that one would have to do to validate a
technol ogy that tested for every virus that we are
screening for and what kind of subm ssion would go to the
FDA revi ewers and how they woul d revi ew sonet hi ng.

So | think we would need sone--if testing for
multiple agents in a given run, and | nmean beyond two or
three, ever becones a reality, the FDA would have to think
about its approval nechani sms because | just can't see a
manuf acturer wanting to go down that path of regul atory

approval .
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DR. TOBLER Listening to you guys talk, it
al nost sounds |i ke sonme people are advocati ng changi ng the
way we do bl ood banking to fit this new technol ogy and

sonmehow that doesn't seemright to ne. W do bl ood banking

quite well.

DR. HEWLETT: | think that is definitely true. |
think we do bl ood banking very well. W are doing very
efficient infectious-disease testing. | think the question

is we are always faced with this question of what do we
test for next. Do we go in for bacterial NAT, for Babesia?
Do we go in for malaria? It is the nultiplexing
capability, as had been pointed out by a nunber of people
here, that makes this technol ogy interesting and sonet hi ng
worth ooking at. It is sonething that we should at | east
i nvestigate to see whether there is any value in putting
sonething like this in place five or ten years down the
road.

We are not tal king about next year.

DR. TOBLER. But we already have a shrinking
nunber of donors. The nore and nore infectious agents we

test for, the less and | ess donors we are going to find

that will qualify to be repeat donors.
DR. NAKHASI: | think, in response to that, it
will be interesting--also, you heard this norning that we

are deferring a |l ot of donors on the basis of false-
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positive results. Now, if you have technol ogies out there
whi ch you can get them back into the pool, you will have
those pools. Plus the fact is nore and nore pathogens wl |
be tested, whether it is not now, people, down the road,
demand because people are aware--vCID is a cl assical
exanple of that. W do not know yet whether it is

transm tted, but we have deferred it.

So | think nore and nore things will be com ng.
So we have to be prepared for the future.

DR. TABOR: Dr. Busch.

DR. BUSCH. This is a good transition to a topic
| hope could be brought forward and nore focused on the
realities of NAT screening, the issue of reinstating these
very large nunbers of historically deferred donors for HV
and HCV. In terns of changi ng the FDA paradi gm what we
heard yesterday was a kind of classic, any donor who is
deferred prospectively and presunably has been deferred in
the past will need to cone back and go through a separate
sanpl e-test reentry al gorithm

| think we have conpl etely changed the paradi gm
of screening with the addition of NAT testing, nore
sensitive serologic testing. | would hope maybe you coul d
address whet her you have any real concerns about an
alternative strategy which would allow us, with the

Iicensure of NAT and the incredible array of technol ogies
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we have and all the enhanced even donor-history
guestioning, can't we just send letters to all of
historically deferred donors, the confirmed negatives and

i ndeterm nates, the neutralization donors and say that, "W
are nowin a newera. Al of you are eligible again."

The cost of trying to reenter all these people,
the conplexity, basically we are not going to get any
significant nunber back unless it is done this new way.

DR. TABOR: Let's talk about that. But | would
like to talk about it not in the context of ask the FDA but
nore in the context of what can be done and what the
different alternatives m ght be related to that suggesti on.
|s there anyone who would |ike to coment on that?

DR. HEWLETT: | think it is certainly doable. |
don't think it is sonething we have di scussed at |ength
within the agency in terns of regulatory current thinking
type of thing. But certainly, if one has a | arge anmount of
data, a lot of test results and a history of the donor and
so on, and repeat testing, | think it is feasible.

| would not want to say at this point, wthout
know ng the specifics of the different categories of donors
we are | ooking at or we are tal king about that it can be
done right away.

DR. BIANCO Philosophically, | agree with M ke

in the sense that our testing systens are so good that we
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



at

are going to pick these donors up and we are going to
resolve it no matter what the past history was.

However, | think that we--and that burden falls
on us, not on FDA--1 think that we have to convince you
that our systens are good enough that we are not going to
m x up tubes, we are not going to m x up donors and you are
going to be confortable about the fact that you may have a
potentially risky unit in the systemthat could be
m st ransfused.

| think that we are close to that in the bl ood-
center environment. W are not close to that in the
hospitals and in the systens and the errors and fatalities
that are reported to you. So | think that that has been
the focus, to review these neasures and things so that you
feel nore confortable that secondary errors are not going
to put a recipient at risk.

DR. TABOR: Conment fromthe back?

DR. STRONG Mke Strong, Seattle. | would just
like to echo the plea for sinplicity. W all have these
conplex reentry algorithns for our donors. But none of us
really use them W don't want to have to deal with the
irate donor that we have deferred now after they have
donat ed 200 gal l ons of blood and now they have their second

core-positive fal se-positive test.
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So we really need a mechanismthat is sinpler to
allow us to go back to these donors that we have | ost who
are our nost dedi cated donors and try to bring them back
into the systemand elimnate these fal se positives.

DR. TABOR: Dr. Straner.

DR. STRAMER  Regarding a foll ow-up sanple,
think traditionally the way the FDA has thought is that it
starts the sanple neutral on a clean bill of health and
basically starts the donor again once the foll owup sanple
has tested negati ve.

It is probably well known that the Anerican Red
Cross does not do reentry for anything except for p24
antigen. That is a process that we have nonitored very
cl osely because it is the only test that we do
reinstatenent for and we want to nake sure we get it right.

So, looking through the data, as | do, for p24
antigen, we have just switched test nmanufacturers from
Coulter to Abbott. | just want to address the feasibility
of having a followup sanple for our dedicated donors. W
have just entered, | counted, over 200 donors in the |ast
nonth who we have just reinstated by just changing p24
antigen kits and letting themfollow up on the new antigen
test as opposed to the old antigen test.

So, even having a followup sanple and starting

the donor at a neutral ground was feasible. It worked. |
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think it was very effective. So | am not opposed to
changi ng the paradigmbut | think the paradi gm does work.
So | just wanted to add that.

DR. PHELPS: Bruce Phel ps, again, from Chiron
One nmore comment. | think with the potential for
initiating parvo B19 testing, | think we may be enbarki ng
on another tack here where now, all of a sudden, our donor
popul ati on nmay be notified that they have been infected
with a virus but they are not sick and it is okay, "but you
are only deferred for a short tinme and now you can donate
again."

| think what you are doing is now highlighting a
fact that there is a potential infection wth an agent
whi ch you have detected and you are finding it necessary to
notify the donor, but yet it is not alife-threatening
situation. There is no treatnent for it. They don't need
to go to a doctor. They nost |ikely have resol ved by the
time they are being notified.

Now, what are you doing to that donor? |Is that
donor really going to go back again and risk being tested
for potentially another viral agent that is also relatively
i nnocuous as far as he is concerned?

| think there are a |ot of issues that are com ng
out when we are | ooking at expandi ng the nunbers of agents

that we are looking for and the inplications that it has on
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the donor. The recipients are a different story. But the
donors, | think, are now having to be considered getting a
positive test and not being prepared for it at all

DR. TABOR. Dr. Dodd?

DR. DODD: Maybe a sonewhat nore nodest proposa
in response to Mke's comment and sonet hi ng that we,
per haps, could do going forward and mght help a lot is to
reeval uate the concept of the indeterm nate result. The
indeterm nate result is not doing anybody any good. W saw
two huge data sets for HV and HCV. It is very clear with
the way that supplenentary tests are now read that al nost
none of the indeterm nates have the slightest chance of
actual ly being infected.

We have to acknow edge that there were sone
i ndeterm nates for which NAT was positive, but | think it
is high time to rethink the concept of the indeterm nate
result, nove it or nost of it over towards the nonconfirned
side of the equation. | think that is sonething that could
be done a little bit nore readily right now

DR. ALLAIN. Being totally unfamliar with the
internal Anerican politics in blood banking, | just wanted
foll ow up on Roger's conment. | wonder whether it wouldn't
be also tinme for the manufacturers of serological tests to
rel ook at sone of their assays which are currently used

because we have seen, for instance, for HBSAg a fantastic
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difference in sensitivity and with very clear clinica
consequences.

VWhat Sue presented was quite clear. | also heard
that one particular confirmatory assay was | ess sensitive
than the screening assay. Also, it seenms to ne that the
antigens, for instance, that are used on RIBA 3.0 at the
nmonment, some of themare poorly reactive and shoul d be
eventual ly reconsidered and try to inprove the performance.
| wonder whether that couldn't inpact considerably on the
i ssue of indeterm nates that Roger was nentioning.

DR. STRAMER: Havi ng been working for a
di agnostic nmanufacturer in a previous life, as you have,
and now sitting where | amsitting, we are going to use the
test. The problemis we are going to use the test whether
the specificity inproves or not. W have no choi ce.

We have been using anticore, one manufacturer in
particular in anticore assay, that, until recently had
very, very poor specificity. But there are only limted
choice. The manufacturers know they are going to use the
test anyway. So, for like the Western Blot or for RIBA,
am not sure what financial notivation the manufacturers
have, especially when they have to do mllion-dollar
clinical trials, wade through the regulatory hurdles to

gi ve inprovenents through the system
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So it is very frustrating but | conpletely agree
with Jean-Pierre. And another point I wanted to nmake when
we are tal king about reentry and catchnent, the area that
we have | ost the nost donors, or where we would get the
greatest bang for the buck, is anticore. So what we should
do, and we have been working on it with AABB TTD in a smal |
wor ki ng group is looking at reentry algorithns for anticore
reactive donors and being able to get those masses of
donors back into the system

| don't know if the nunber | amgoing to quote is
correct, but | think we have 1.3 mllion donors in the Red
Cross's DDR. | would venture a guess that 60 percent of
themare in there alone for anticore. So if we focused at
| east on that one test for which we don't have a
suppl enental test, for which we have i ndeterm nates and al
t he noi se associated with that, and be able to work with
t he agency and get an anticore reentry algorithm | think
t hat probably would do us a | ot of good.

DR. BIANCO As a followup to that, I want to
touch on two issues. One, while we, as custoners, do not
have the power to change those conpani es because we don't
have the choi ces, the agency has sone power to set
standards, a m ninum standard for HbSAg assay, for
i nstance, that would be nore conpatible with where we are

today instead of ten years ago.
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The other thing on what Sue just touched, the
anticore, where the nonspecificity of one of the assays has
been critical, we have great opportunities as new assays
are devel oped, as we change assays. That is the greatest
opportunity to reenter donors. That is when nonspecificity
i s changed and we have a new-and | think that is where,
agai n, the agency could give sone thinking to that concept
that comes fromthe early '80's, "84, '85, and the
licensure of the first HV test, of blam ng sonebody, or
even the hepatitis test, blam ng sonebody for life with a
positive screening test and then creating a conplex reentry
al gorithm

A sinple retest. It doesn't have to be a sanple,
but a new donation will give the opportunity today for a
much nore conpl ete reeval uation of the donor. Again, the
i ssue that we have to resolve for you is to nmake you
confident that we are not going to screw up.

DR. TABOR: Let ne just say that when the data
fromthe study that we conducted in collaboration with Dr.
Busch and sone of the manufacturers that Dr. Straner was
tal ki ng about this norning was presented at BPAC by Dr.

Bi swas. Part of the purpose was to inform people about the
data but part of the purpose was to give a heads-up to the

test manufacturers that the standards for HoSAg test will
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be ratcheted up and that the CBER | ot -rel ease panel will be
made nore stringent.
It obviously takes tine to put together a panel

but that is in process and that is sonething that wll

occur.
Wth regard to anticore and reentry, this

di scussion is very informative. | think it is something

that all of us ought to discuss further. | think, if you

don't hear fromus because of all of our distractions with
bioterrorismand so forth, you should conme back to CBER
again and again to nmake sure that the reentry issue does
get discussed further because there are a |ot of facets
that, perhaps, we are not fully aware of.

DR. BI ANCO Thank you for the offer. This is
anot her aspect of terrorism W terrorize the donors.

DR. TABOR. Dr. Busch.

DR. BUSCH: Again, this is a transition on the
other topic that I had that | would Iike to have di scussed.
We are tal ki ng about suppl enental testing and donor
reentry. W have conpl ai ned, ne and many ot hers, about the
fact that the manufacturers of supplenent assays don't have
the notivation, have not brought forward inproved tests to
match the sensitivity of the screen. W don't even have a

licensed test for HTLV.
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We have conpl ai ned and FDA, to sone extent, heard
us that, as they license new screening tests, they should
require that the manufacturers devel op appropriate
supplenmentals. That is the one tine that there is sone
| everage. Unfortunately, you seemto be doing that with
NAT and it may be a problemin that the conpani es have
tried to build sone sort of home-brew suppl enental capacity
to support their clinical trials. But |I think you wll
hear fromall the manufacturers that those assays are not
GWPed, are not sustainable, are not conparably sensitive.

Many of have discussed, and | would like to hear
FDA' s sort of considerations about instead of trying to
devel op sone i ndependent supplenental, this is the perfect
arena where we have the optinmal supplenental assay and the
al ternative screening assays. Wat process--because the
conpani es are not going to do INDs to get a claimfor
suppl emental for their screening assays. Even though they
are not going to have to change the reagents, it is just
the trials to denonstrate that.

So, hopefully, there will be a receptive ear to a
sinmple way that the industry can validate a cross
suppl enent al cl ai m

DR. TABOR: | would like to propose that we
di scuss this and that it be our final topic for the panel.

However, | would like to limt the discussion to
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suppl enmental s for NAT testing so that we get away, a little
bit, froma regulatory question-and-answer session.

Woul d anyone |like to comment on NAT suppl enent al

testing?

DR. STRAMER. | agree with Mke and I woul d just
like to put out for consideration--1 don't nmean this to be
"ask the FDA." This is just sonething to consider. For

HTLV, because we don't have a |icensed suppl enental test,
what we have been doing as an industry is using, wthout an
IND and without a clinical trial, the FDA|icensed
screeni ng second HTLV test.

W have two tests that are both nonspecific. So
the only advantage of that is that the nonspecifics of one
assay are not reactive on the second assay. As | just
sai d, when we brought all of our Coulter repeat-reactive
antigen sanples in, they were nonreactive and reentered
successfully on the Abbott test.

The July, 1996 nmenorandum from FDA on product
retrieval tal ks about use of a second licensed EIA to clear
products for anticore and HTLV. So even though this is a
di scussi on we have had, | woul d propose that we don't need
to do anything. W have a |licensed screening test that has
proven sensitivity, reproducibility, manufacturing, all the
requi rements that go into an FDA |icense for screening

which are nore stringent than the suppl enent test.
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So I woul d propose, for exanple, we have a
| i censed screening test for NG, that that could be used as
a legitimate supplemental test for NAT or when the other
assays finish their review cycle and get FDA |icensed, that
we automatically have those built in.

DR. HEWLETT: Yes. | would agree with that. |
think there has been precedent for using two ElAs, |icensed
El As, as supplenentals for each other, especially if there
are no specific supplenental tests that have been devel oped
or are in the process of being validated as suppl enent al
t ests.

Clearly, in the case of NAT, you have multiple
platforms. You have got NG . You have got Roche. You
have got all these kits that are under review. The data is
being collected nationwide. So | think there is going to
be a lot of data that would be supportive for that type of
a situation.

The issue is they woul d essentially have to be
licensed. At this point, there is only one licensed test.

DR. BIANCO | want to support the points of view
here. There is one little piece that is mssing here and
maybe M ke can help us is that the clinical trials have
been going on different datasets and different specinens.
In order to feel a little bit nore confortable about these

types of decisions, | think that we will have to have at
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subjected to the test fromdifferent manufacturers and see
how t hey behave.

DR. TABOR: Dr. Rios.

DR. RICS: How could we use N@ as a suppl enent al
test if we know that NG PCR for H 'V does not detect nost
of the different strains as shown here. It nainly doesn't
have any Oor any M and et cetera. So how could one use a
much nore limted specificity PCR for confirmation of a
TMA, for instance?

DR. HEWLETT: At this point, with NAT testing, we
have taken the viewthat it is really O ade-B sensitivity
that we are |l ooking for. W want manufacturers to test as
many i solates of different subtypes that they can get their
hands on. W realize that there are very few of these
subtype isolates that are out there.

That is one of the reasons we are building a
panel. W have referred manufacturers to foreign study
col |l aborators to acquire these subtypes so that they can
test themwith their test. That is as nmuch testing as has
been done, certainly, with the Iicensed test and we woul d
assune, and we woul d hope, that the other nmanufacturers
woul d come in with simlar datasets.

But you are right. These tests are not

conpletely or fully validated for, for exanple, with HYV,
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t he non-B subtypes and wth HCV, all of the other
genotypes. It is the predom nant genotype in the U S. that
is being tested. But we do have data from manufacturers
that indicate that they can pick up five out of the five

i sol ates of genotype 6a, for exanple.

So it isreally a labeling--you will notice that,
in the datasets, what we presented are nostly data on
Cl ade B but we do say that they have tested various
subtypes al though the test is not fully validated for
detection of the subtypes.

That is partly because it is very difficult to
get these isolates. So you sort of have to work with what
you have.

DR, BUSCH  Just to answer Celso's point, we do
have a study that it actually took a year to get all the
conpani es to agree, but NHLBI is funding, through the NAT
study group, a head-to-head conpari son of the assay
pl atfornms, neat versus mnipool, nultiple reps, multiple
seroconversion panels. | think that is the critical data
to show the essentially identical sensitivity of all these
pl at f orns.

The specificity side, in terms of crossover, the
problemis there is not enough volune left after the
suppl enental testing that is being done nowto be able to

have reserve volune to be able to test on the other
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platforns now that the conpanies are willing to allow this
to happen, with the exception of some Red Cross sanpl es
where they have nmanaged to carve away the pl asnas.

DR. STRAMER W retrieve, as part of our
requi renments, the plasmunit fromeach NAT-reactive index
donati on.

DR. HEWLETT: | was just going to say that |
think we are aware of the studies and we have tal ked about
this. | think these are the types of studies we are going
to see where there is a nice common set of sanples that are
tested, as Cel so was saying, and those types of data woul d
be very useful in validating the test for this purpose.

DR. TABOR: Dr. Kl einman

DR. KLEINVMAN: | am going to say the sane thing,
but just to reiterate that the nore readily avail able
sanpl es are the ones from seroconversi on panels and so
t hose could easily be tested under code, head-to-head, and
one woul d have the results and show, hopefully,
concordance. |If you have to test NAT-positive w ndow-
peri od cases that you got from whol e-bl ood donor screening,
you are going to have far fewer sanples. So | think
hopefully, that won't be a requirenment. One could it with
t he seroconversion panels and then one could get a much

| arger dataset to eval uate.
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DR. NAKHASI: | think it rem nds ne of the sane
HBV study with I think Ed was nentioning, too. | think
that a simlar type of thing can be done so that you can
conpare the sensitivity of the test.

DR. HEWLETT: Going back to the seroconversion
panel s, sure. Those panels exist so they can be used in
this context. W realize that it is not easy to get a | ot
of sanples in your prospective studies. So that data is,
then, further supported by data that you get from
seroconversion panels. So, definitely, that is very
useful .

DR TABOR | would like to try to end the
session now. |Is there anyone on the panel who has anyt hing

they would |ike to say?

DR. BIANCO | want to nake a speech. This, |
think, was--1 want to thank all the organizers. This has
been a very useful neeting. W could air alot. | think

that Indira remnded is of '94, Septenber '94, Septenber
24, '94 and we, six years later, are at a conplete
different stage. W are extrenely confortable with both
assays that are being used in the donor screening, the
whol e- bl ood donor screening.

We heard a lot of the plasma industry with a
confort with the NAT. And | learned a |lot of stuff,

i ncluding mcroarrays. So think you
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DR TABOR | would like to thank everyone for
remai ni ng throughout the afternoon. | want to thank the
menbers of the audience for participating in the | ast
di scussion. It was a great addition to the discussion.

Wth that, | will close the session. Thank you.

[ Wher eupon, at 5:00 p.m, the neeting was

adj our ned. ]
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