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P-R-O-C-E-E-D-I-N-G-S
8:47 am.

DR. MARTI: Good morning. My name is Gerry Marti, for those
who don't know me. I'm one of the co-organizers of this meeting and very shortly
meet the rest of the committee that's organized this meeting.

As you can tell from the agenda, we have quite a few speakers, |
packed into this one-day workshop. So | probably will have the appearance of being
type of Nazi master before the day is over in order to get through this.

Just to remind you that the meeting is being taped and is to be trang
in 15 working days after this meeting, and will be available on the FDA website. S
might, hopefully, be of use for us.

| would like to next introduce Joyce Frey from the FDA. Dr. Frey g
Ph.D. in immunology from Kansas State University where she did her work in the ¢f

therapy of skin tumors.

of you

you'll

opics,

some

cribed

50 that

ot her

A lular

And as a post-doctoral fellowship, she worked at the NCI, stydying

receptor recognition in NK cells. In 1993, she came to CBER as a product reviewer
specidty in cell therapies.
In 1999, she was appointed deputy director of the Division of Gef
Cell Therapies and she is going to give the introductory welcome today. Joyce.
MS. FREY: Good morning. For my background, | know wit

therapies were learning more and more as time goes on. And what we're seeing
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divison in regulating cell therapiesis that over time, people are figuring out which ce
the critical cellsthat they need in order to produce atherapeutic product.

And as aresult, one of the moves people have gone to is for cell o
That's one of the reasons that this meeting is redlly very critical to the FDA, becal
quickly recognized that there was a lot of issues related to cell sorters and insurif
safety, purity and potency of the final cellular product.

And | think the organizers of this meeting have done a great

identifying speakers to address many different areas of safety concern related to cell s

l|s are

Drting.
e we

ng the

ob in

rters.

| would encourage you al to be active in the discussion of this meeting.

We are here to learn and to try and apply appropriate regulations so as not to impe
area, because | think this will become an area that will become increasingly more va
to producing cellular therapeutic products.

So | welcome you and | hope you have a good day. | will apologiz
up front. I'm not going to be able to stay for the whole day. For some reason, my di
director decided he had to go give atak about in California, so | have to go run our di
meeting.

But I'm hoping to step back in here this afternoon when the talks g

de this

luable

2 right

vision

vision

of into

the more details of safety. So, hopefully, I'll be able to make it back, but if not, I hope you

have a good day and | look forward to reading the transcript from this meeting ang
ideas and suggestions.
And be rest assured that thisis not going to end with this day.

The organizers have assured me that this is going to be an ongoing prog
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collection of information and input from industry and academia. Thank you very mug
welcome.

DR. MARTI: Thank you, Joyce. It's now my honor and privilé
introduce one of the co-sponsors and co-organizers of this meeting, Dr. David Coder,

director of the cell analysis facility at the University of Washington School of Medicin

th and

bge to
who's

€.

David has been involved in just about every aspect and phase of flow

cytometry in the last 15 years. | know that he is quite interested in various methoda
for analyzing all aspects of cell -- at the intercellular level and perhaps even the subc
level, and he's also had a lot of expertise in writing and producing software and analy
flow cytometric data.

His mgor interest and background for this meeting is that he is cf
the biosafety committee of ISAC, the International Society for Analytical Cytomet
with their interest in where cell sorting was going to go, in terms of the potential clinig
and his previous experience in that committee, agreed to chair and organize this mé
David.

MR. CODER: Thanks, Gerry. Well, now that she has stepped @
missed the opportunity to thank Joyce for a very good introduction to this and hitting
of the mgjor topics that were going to be addressing and sort of the sense of things as

Again, to emphasize, one of the mgjor things is that -- the reason

logies
ellular

ySis of

nair of
'y and
ral use

eting.

ut -- |
some
vell.

we're

having this meeting is to get comment from al of you. That were going to have an

opportunity at various times throughout the meeting, and then particularly at the eng

trying to tie everything together such that we can get your comments, because the
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piece of work that happens after this meeting that we have to as a working group Sit
and produce a document, which is the -- well, as well go through, which is going to

guts of this meting.

down

be the

So as far as the origins of the workshop goes, Dr. Frey a the start

mentioned their interest in trying to isolate different kinds of cell flow cytometry, that

scel

sorting, has been a method that's been used for a variety of applications, and then aliso for

stem cell isolation over the last ten years or so, and also in aclinical context.

But with the increasing numbers of applications to do these kit
research, it seemed that there was redly lack of guidance for the proposed therapis
involve sorting of human cells. And so -- well, lack of guidance within FDA specifica
these new kinds of proposals.

So from the story that | was told, FDA contacted ISAC as being
the professiona academic societies involved with this, and then as a source of inform
Ingrid Schmid, who is aso here, used to be the -- preceded me as the chair of the big
committee and had produced a number of documents dealing with biosafety more frg

aspect of protecting the operator and protection of the environment of aerosols.

nds of
>s that

ly for

Dne of
lation,
saf ety

m the

But the emphasis here is redlly sort of the opposite direction, of how are

we going to insure that the cells coming out, in fact, are the ones that we expect them
and are free of contaminants?

So for that lack of information from al sides, we proposed that we
workshop to address this issue. And it's really not the first time that this has been |

proposed. Larry Lamb with Ice Age was involved in trying to get a workshop for thi
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the last year or so, and it seems that there is just enough interest now and a groundswell of

new proposals coming in to justify putting this meeting together.

So we can approach this some ways from the standard database product

in that what do you want to do as far as reports at the end of it go. And it'srealy going to be

afairly straightforward thing, at least on the face of it.

We want to produce a set of voluntary safety protocols for clinical flow

cytometric sorting of human-derived cells at the base of it.

And there is aworking group that is listed on your handout, compgsed of

anumber of individuals, most of whom we will hear from today. And this working grioup is

going to produce this document, we hope, by the end of the year, which for things
sort will be a fast pace and we hope we can do it, because work will be held up

absence of that.

pf this

in the

So in thinking of ways to address the problem and looking at things that

are currently in the works, there is a document recently put out, the "Good Tissue Practice,”

GTP, and this contains some of the concepts that we can start to get our hands
defining the criteriafor sorting cells safely.

| put just this one web address at the FDA, as sort of the introd
document to this and then | think also, from that same page, there would be the 50
page detailed document.

And the thing to really emphasize here, these are proposdls. This
three of a larger set of rules that FDA is producing to regulate cellular and tissue

products.
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10

And so the DTP -- well, we're al familiar, at least in part with G
suppose cell physiologists might think was there an intermediate GTP. Not that | knov

But in any event -- okay. Youreal still adeep. In any event, some
issues brought up in the GTP as a proposal will probably have quite an affect on hg
proceed as far as safety issues go.

And there are a few things that | can just quote from that tha
probably be helpful in framing our thinking on it. And this one is a -- well,

comprehensive risk-based regulatory framework designed to help insure the safet

SMP. |
v of .
of the

w we

t will
it's a

y and

quality of products, including new technologies, without imposing unnecessary regylatory

requirements.

And Dr. Frey had sort of mentioned this, that we want to have
technologies out there without getting in the way of things.

But also, the other point to bring up here is a risk-based framework
concept that the entire thing is not going to be absolutely free of risk. There has to be
degree of acceptable level of risk that can till produce safe products.

And this is something that's implicit in aimost everything we do,
you know that obvioudy, or it's dways dtting in the back of your head that most of ug
here on an airplane or some sort of vehicle that has a definable degree of risk, pre
greater than many other things that we're dealing with here.

But the airplane didn't fall out of the sky. We al arrived, and that v

acceptablelevel of risk.
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And s0 to define that in the context of sorting cells, we have to ar

some sort of acceptable risk level.

rive at

And so as the other issue -- you know, without unnecessary regylatory

requirements -- again, elsewhere in this document, one of the goals is to permit sign
innovation while keeping the regulatory burden to a minimum.

And so the concept of this-- it's recognized thisis going to be an ongoing
and developmental process. And to have a fixed set of rules that would impede ongoing

development of instrumentation of processes that are eventualy going to impro

ficant

e the

quality of healthcare is not something that we want to do. So we want to make sure that we

have some way of making sure that things are safe without getting in the way of ongoing
development.

So as some of the criteria then that we might think of as far as
going to involve safe and effective sorting, it really comes down to a fairly short
things, and they're fairly obvious, at least at this point. Putting those in the document v
somewhat more difficult.

But very smply, are the cells sorted -- sorted the ones that you thin
are. And so this brings up issues of purity, of recovery and the like and things tha
people doing cell sorting are very familiar with.

The other aspects are the degree of contaminants that might

outcome. And so here the contaminantsisafairly wideissue.
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Biological contaminants and the obvious things that you think

of, of

bacteria or fungal, or whatever microbia things that might be present in the environment

that may, in fact, be part of the cells that you're sorting.
And a very important issue is when you're dealing with clinical thi
that you're sure that patient A's samples only contain patient A and not the subsequ

previous samples aswell.

ngs is

ent or

And then lastly, asfar as the quality of the cells collected, are they ableto

function in the way that you expect them to.

Now some of this, of course, is going to depend on the individud

protocols involved, but there is some fairly well-established methods just regardin
viability at avery crude level.

All of us that do this though recognize that smple viability alone,
on awide variety of different criteria may not necessarily be enough. Because you cal
cellsthat say -- appear to be viable just on the basis of dye exclusion or something like

But the ability to respond to say various antigens secrete cytokines
indication of function may not necessarily be there.

So thisis an area that, again, gets to be a little bit close to the indi
protocols, but it's probably auseful concept to include with thisas well.

And so areas that are likely to be included in these guiddi
obvioudy, one of them is going to be instrumentation and the facility.

So the instrumentation itself, anything that's going to come in ¢

with the cells is going to be an important part to know exactly how that's being t
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individual parts defined. If you make changes in it, can you justify the changes and
that they're going to work the way that you expect them to.

Then also. the facility where the instrument is located, you expect |
involve a variety of things, including heating, ventilation, air conditioning sy
particular counts, microbia counts, et cetera, al of the things that you would expect
sources for potential contamination in the process.

And the secondarily, maintained aseptic conditions in the instrumef

in the cells asthey're collected is going to be amgor issue.

ustify

hat to

stems,

as for

nt and

So the instrument itself, as far as contact with things in the environment,

previous cells, the reagents that are involved, how you're collecting the cells, what
conditions you're collecting them in and then what do you do with them immediately
are going to be aspects to consider in keeping the product aseptic.

To distinguish between that and sterile, sterile is going to be -- it

sort of

after

S red

easy to make everything sterile. Y ou want nice, happy, viable cells, but free of other things,

hence, aseptic.

And then also some of the cell manipulations and the conditions
you're sorting, are you keeping them, and is it necessary to keep them at say four de
collect them in particular kinds of mediato insure that their functiona stateis preserve

And then lastly, the areathat biosafety and sorting that's mostly deal
is protection of the personnel involved.

Again, this has been approached mostly from the standpoint of al

producing any aerosols that may contain pathogenic cells?
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Now in some cases, this would be sort of an issue to deal with

expect that many of the samples are going to be coming from patients that do not

pathogens that can be spread by aerosols. This is an issue that | think t

probably outside of this. But if that kind of sorting is permitted say for an autol

- you

have

hat is

ogous

trangplant with somebody who does have a defined pathogenic condition that can be gpread

by an aerosol, that maybe something that has to be considered within this context.

And the reason I'm hedging on alot of the stuff is nothing is fixedl right

now. I'mtossing out ideas.

And s0 just to try to limit the scope of things -- things that are def
not included, since were dealing with a variety of therapeutic protocols and they're ga
have their own context, the safety and effectiveness of any particular protocol is som
that's not going to be dealt with in any of these procedures.

And in asmilar vein the sample preparation, that is removing cell
the patient and whatever tissue, and then the post-sorting manipulations of those cells|
going to be ex vivo expansion and so on. Those are outside of the realm of what
speaking of asfar as cell sorting goes and the safety of that particular technique.

So in order to get the solution, as Dr. Frey had mentioned, it's go
come from a variety of people, principaly those doing the work in the laboratory al
clinic -- and fortunately, the afternoon speakers will give us afairly good overview of

of the approachesthat are currently being taken.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

nitely
ing to

ething

5 from
if it's

we're

ing to
nd the

some




15

And then to follow up with that, the various scientific and profes
societies involved with ISAC, ISHAGE, the Clinical Cytometry Society al have an i

in thisand they are represented aswell.

i5ional

nterest

And, obvioudy, the manufacturers of the equipment will have an igput in

terms of how are they producing the instrument, what needs to be done, and | expeci
will be a very good amount of feedback between what is possible, what is effectiy
what's cost effective aswell.

And then, finally the FDA, CDC and dso -- well, at least with

there

e and

Frank

Mandy representing Health Canada, we have a variety of governmental agenciesinvolved in

thisaswell.

And so the important thing is since we're dealing with a wide var
groups, it's important that each of these groups which have their own specialties are g
understand what the other groups are doing.

And with my involvement in this over the last three months or
pointed out that you can't know everything in thisfield. It's vast.

And you can get more sort of information overload in deding
various aspects of thistalk than you can imagine.

So our goa hereis get representatives of each of these fields, such t
of this can be at the end of it sort of reading from the same sheet of music.

So that brings us to today's agenda. And so as far as the technol

cell sorters goes, we will have a presentation by Scott Cram on that. This idea (
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adventitious agents, how do you get rid of them, how do you clean up and sterili

instrument -- Bob Sausville from the FDA will be presenting that as atopic.

ve the

Some of the regulatory issues, specificaly GMP, Christine Nelson, also

from FDA, will be speaking on that.
We have dl of the commercial manufacturers represented here. Wej
a number of presentations from then and then lastly, as | mentioned, we have the
afternoon of usersto sort of present with works in progress and what we're doing now.
And then, findly, we will convene this working group that's go
produce a document at the end of it and, hopefully, get alot of discussion from al of y
And s0, again, to emphasize that, the magor purpose of this par
meeting is to get input and comment from all of you such that this working group
down and produce a document that we can al agree on will be a workable protocol
sdf sorting in asafe and effective fashion.
So with that we can sort of move on to the rest of the morning se
Thank you.
So we're actually running a bit ahead, as far astime goes. If there g
immediate questions that can be brought up -- 1'd sort of try to like to keep this with
time scale, as Gerry had mentioned, but also not to get in the way of presenting -- previ
discussion asit would come up. Yes.
MR. FISHER: (Inaudible. Speaking from an unmiked location.)
MR. CODER: Let's see. We are having this transcribed. We're sort

up -- we have a microphone over there and | thought there was -- yes, there is one f3
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on the other side. To be kind to the transcriptionist, if we can al use the microphones when

we have questions, it will make life much easier at the end.

MR. FISHER: Dave, my --

MR. CODER: If you could -- sorry to keep interrupting. Nam
affiliation, such that we know who's speaking.

MR. FISHER: My name's Randy Fisher. I'm from the Nationa In
of Arthritis and Muscular Skeletal Diseases here at NIH. My question was is the end
of the working group and everything that we're going to be working on here to eve
get something included in the Code of Federa Regulations, like GLP and GM
included.

MR. CODER: That Gerry can answer much better than | can. The

of this, as previoudy said, are voluntarily guidelines. And the degree to which

e and

Stitute
result
ntually

P are

point

his is

codified in law, | will leave that to the people who are going to be producing that document.

DR. MARTI: | think | can speak to that. | think that the full prod
the next two years will be the production of -- the preparation of voluntary guidelines)

the lack of the speed at which the rest of the world moves, | wouldn't worry about that.

PSS in

And

MR. CODER: Okay. Anyone else? Well, with that then | will intfoduce

the next speaker, who is Bob Sausville. And -- no, you can't run away. Heisnow w
Divison of Case Management. Was with the Division of Manufacturing Product (
and he's going to give a quick overview, as | clarified a bit earlier, on some of the g

involved in cleaning and sterilization.
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So what do we have to do in order to make these things free of the bugs

that we don't want to have.

A minor change in our schedule. A reversal. I'm the person who'
writing this document. It's gone through at least 14 revisions within the past cou
weeks. You'd think if anybody could get it right | could.

So, to apologize to Scott -- well, we know that Bob is going

speaking very soon hereafter. But, yes, as | mentioned in sort of lining up the ped

5 been

ple of

to be

ple to

introduce various aspects of this meeting, an important thing was to be able to summ

izeadl

of the important aspects of it, and | was very happy that Scott Cram agreed to come hegre and

talk about how cell sorters work, such that al of us will know exactly what it does,
the problems involved.

And Scott is a particularly good person for this, since he was f
director or the National Flow Cytometry Resource at Los Alamos National Labs.

So we have sort of the person representing the origin of where this
came from in the first place to tell us how it works, and to make us aware of some
aspects of it that may cause problems and how to avoid them. Scott.

MR. CRAM: Thanks, David. Good morning. | guess the first qued
the day is how many of you are knowledgeable about flow cytometers and cell sa

Raise your hands. Okay. So I'm going to talk to the two back there that didn't raiss

me of

ormer

5 beast

of the

ion of
rting?

> their

hands. | do want to keep this informa. So one, if you can't hear me, let me

know. And two, if you have questions as | go aong, please ask them.
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I'm going to give a high-level overview and move it along pret

y fast

because a lot of you | know are have been involved in flow cytometry amost as long as |

have.
| guess the other question is how many of you are familiar with
microflowtometry? Gary, you can raise your hand.

I'll tell you why | ask that question. The original terminology back
late '60's was flow microflowometry, but so much of the applications focused on cel
the title became flow cytometry. In fact, | think the earlier title is more descripl
the technology today because we're analyzing and sorting alot more than cells.

My apologies for the headers and the footers that say unclassified.
work at a national security laboratory, they now require us to put that on there.
anybody steals them, they know that they're not getting anything in secrecy.

| thought what 1'd do is talk a little bit about the technology, mak
we're al on the same page there. The second case of examples of DNA measuren]
only listed that as an example of how things have matured over the years.

Obvioudy, youre al familiar with making whole cell measurem
think most of you are familiar with chromosome analysis and sorting. And these g
examples from the DNA world.

Theres now a lot of emphasis on doing snip anaysis with
cytometers, doing DNA fragment size analysis, something we've worked on very I

Los Alamos. One application being bacterial discrimination.
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And then a the end | thought | would give you some of our wo

k that

pertains to the topic of today's meeting, having to do with analysis versus sorting rates, sort

purity, cross sample contamination and how we have dealt with bacteria contaminal
both our commercia and our experimental cytometers.
So what is flow cytometry? It's an gpparatus for counting or meg

cells. As| said earlier, the name really isn't terribly descriptive of what we do today.

ionin

suring

There's such awide variety of particles that are being analyzed in not only

the specialized, but the commercial flow cytometers as well.

Some of these dides | took from Jim Jett. He prefers the title flores
particle analysis. Take your pick. Why do we say that?

Wedl, here's a list that Jm put together, and keeps expanding
illustrates the variety of particles based on their size that have been and are being an
in aflow cytometer.

And they extend everywhere from large plankton, the algae, obvi
the mammalian cells, chromosomes, bacteria, virus particles. All the way do
phcyoerythin and other single molecules.
In fact, with specialized instruments, one can detect single florescent molecules
specialized flow cytometer.

There's really two reasons we do flow cytometry in my mind. One
do with rare events, and the other one, that you're al familiar with, I'm sure, is doi

individual particle anaysis.
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And the analogy that we've used is in the case of why do we

particle analysis has to do with the analogy of applesauce.

single

If you're eating applesauce, you taste the average of the ripeness, the

sweetness, the tartness and the average color, which isfine for applesauce.

But if you're a connoisseur of individual apples, you want to taste the

individual apple, likewise in flow cytometry, you want to measure the individua cell, not

the average of the whole population of cells.

And the other reason is to look for rare events. Many of us have
used the analogy of looking for the needle in a haystack. If you want to look for the
in the haystack, you want to look at, idedly, if you can do it very, very fast, indi

straws and have a descriptor that allows you to detect that needle.

often

needle

vidual

So you'd want a descriptor, a measurement, something that was metalic,

something that was reflective, and you could add other descriptors as well, so that you
pick up that needle as you went through very fast.
But you also need to validate, which means sorting, and recovery

object for additional applications. And that's one of the reasons we're here today.

could

of the

So flow cytometry then focuses on single particle anaysis and an analogy

isthat isthat it's moving microscopy. If you think of the microscope that many of us U

Ised in

undergraduate microbiology class, we've replaced the dide with a fluent stream, we now put

the cells in suspension, we've replaced our eye with a photomultiplier tube, and we're)

quantitative measurements, rather than descriptive measurements.
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Analysis rates can be very high, easily 10,000 particles per second or

higher. So remember we have zero spacia resolution, and people are starting to cro:

border now that we don't do spacia resolution as the image analysis folks do.

5s that

So, obvioudly, then the first step is to prepare the particles for analysis. It

involves staining the components or the particles to be anayzed.

And here are Easter egg cdlls. We're going to flow those down through

the flow cytometer. We introduce the fluid flow concentric with our sample so that we align

the cells like beads on a string.
That way we can analyze individual cells one at atime, very rapidly.

So at the base of this device we put one or more lasers so we can m
the florescence of our Easter egg cells.

So the cells are flowing through those laser beams at a high rate, s
meters per second. They're spending a very short amount of time in the laser
depending upon the system, micro seconds or less, and we're measuring both fluorescd
multiple wave lengths and light scatter at two different angles, both forward and 90 ¢
light scatter.

It's useful, | think, to remember some of the characteristics. The
volume that we actually measure can be very, very small. From picoliters -- from nan
down to picoliters.

What that alows one to do, of course, isto measure cells in the pre
of a fluorochrome while not having -- while we don't have to separate the cells fra

fluorochrome that might be in solution.
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Because you're interrogating such a small volume, you can redug
volume down to amost limitlessto the size of the cell, or the size of afew molecules.

So that the separation of bound florescence from free is not som
you had to do in aflow cytometer.

It's sengitivity we can gain -- as | said before, it can beaslow asa

re that

ething

single

molecule, in the case of florescent molecules. Resolution can be -- can be -- this is a

dangerous thing to put in print -- aslow as one percent.

For example, in terms of DNA measurements, resolving male and f
lymphocytes, based on their DNA content, which is more than one percent. That's th
of thing I'm thinking about when | talk about the very high resolution of a flow cytom
depends on alot of different things.

So, again, the measurements are light scatter, particle size and S
characterigtics. The florescence detection is done in multiple wavelength band, meg
total intensity and/or maximum intensity.

We sometimes measure fluorescence polarization and, more re
lifetime of the fluorochrome, which tells us something about the environment in whi
fluorochrome resides.

So with appropriate labelling agents, you get information about
RNA, protein, surface molecules and the environment of acell or membrane constituey

Let's start talking a little bit about sorting, since that's redlly the g
the meeting today. Obvioudy, after the cells are detected and analyzed, there's a pef

time -- David, do we have a pointer? | thought | saw one earlier.
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So after aperiod of time, the cells enter the two laser beams, asiillus
here, where we analyze them -- detect them and analyze them. They then flow
generaly. That stream of liquid is broken into droplets by the action of piezo €
crystal.

The cdlls are captured in smal droplets, and then those dropl€
electrostatically charged and deflected through a high potential. As the
illustrated here, it can be sorted into multiple containers.

Some sorters, such as the one Tom Jovin had originaly developed
sorting six -- three right, three left. Generdly, we sort in only two directions. S
individual droplets are charged and deflected, based on the cell's characteristics.

That's a picture | like of a flow cytometer. It's not a commerci
commercialy- available flow cytometer.

When | first got into the business, lasers were the size of this table.

supply was twice the size of the podium. Laser beams were bounced al over the walls;

strated
down,

lectric

s are

artists

, were

these

Aly --

Power

And that's sort of the case here, where the laser beam here is going across,

hits a mirror comes back, hits at this point. Here's a fiber optic picking up the flored
There's another bit of optics up here measuring the florescence at that point.
That stream is now broken into droplets, and you can see the dropl €
in a separate photograph. It'sreally a picture taken in this area.
Thisisahigh-tech charging collar, which is actually a paper clip.
But, neverthdess, it illustrates the beauty of the technology that yo

familiar with.
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This is a very sable, reproducible, beautiful system that as you're

familiar, when things go wrong, it doesn't look like this. When there's a plug o
obstruction due to bubbles, clumps of cells, then this stream of droplets can go
creating aerosols. Sometimes you also get microdroplets in the formation of these very
droplets.

Remember, these droplets, when things are working right, are quite
They're on the order of hundreds of microns. Maybe 100 to 300 microns.  And o
few of those droplets contain the cells that we're actually sorting.

In the old days it was one in 40. With different systems noy
frequency of cdlsin the droplets has changed. So let me illustrate some of

numbers as shown here.

other

array,

large

large.

ly a

v, the

those

In a conventional flow cytometer, the operating pressures were reattively

low, around 12 psi. Droplet frequency around 32 kilohertz. Analysis rates around
particles per second.
In the more recent developments of high speed, high pressure
frequency, whatever you want to cal it, sorters, we're now operating up around 40 psi.
With systems at Livermore and Los Alamos, weve operated (
hundred psi on occasion. Those turn out to be very chalenging to work with, as G3
tell you, because things become much more sensitive to vibration and other problems.
These operate at a higher frequency, so you get more droplets a a

rate, and your analysis rate can go up quite substantialy.
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Redlize, of course, that to get the higher andysis rate, and the
resolution, you have to have a much higher concentration of your sample. Think abo
for aminute.

Y our resolution, in part, depends on keeping those cells going throu
focus part of the laser beam. If you smply expand the diameter of your sample stream
ahigher through put rate, you're not going to get as uniform illumination cell to cell.

So sure, we've worked at higher rates. And with chromosome <
there'salimit, aswith cells, how high you can up the concentration of your particle, wi
they're cells or chromosome.

So you'e limiting rate here can be sample driven in that if you cal
get your cell concentration up to 10 to the sixth, 10 to the seventh, somewhere beyor
you're going to get mush because the cells starts sticking together due to free DNA ang
problems.

| couldn't resist putting on the sort rate. It really depends upon the fi
of sample to be sorted. | think most of you redlize that having served on too many
instrument grants -- and my apologies to the instrument manufacturers -- | see com
well, like were going to sort chromosomes at 20,000 per second. It will only take twog
to sort enough chromosomes to be able to clone into a bacteria, or a YAC, or wh

Vector.

sane

ut that

gh the

to get

prting,

hether

n only
d that

1 other

action
shared
ments
hours

atever

What people are forgetting is that your sort rate depends upan the

frequency that the chromosome of a cell is present in the sample.
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So if you're sorting chromosomes, for example, from human you'
24 different types -- depending on whether male or female -- you've got 24 different ty
chromosomes. You're only going to sort one out of 24. Maybe two if you're g
right/l eft.
So your analysis rate might indeed be at this speed, but your sort

going to depend upon what fraction you're actually sorting.

ve got

pes of

orting

rate's

| thought I'd share with you some of our experience based primatily on

chromosome sorting, in terms of sample contamination, sort purity, bacterial contamin
As a predecessor to the human genome project, the Lawrence Live

National Laboratory and Los Alamos National Laboratory were both involved in wh

Ation.

ymore

ot was

caled the Nationa Laboratory Library -- the National Gene Library Project. Thank you,

Gary.

So we were sorting chromosomes, human chromosomes at very
high purity, very large numbers, because the cloning efficiencies weren't that great in t
days. They've certainly improved substantially now.

But, in fact, in the case of Los Alamos, we were sorting chromosoj
some cases with two flow cytometers back to back, or face to face, actualy, and we
sort around the clock for seven to ten days to get adequate -- we're talking about one
micrograms of sorted chromosomes.

The advantage is you've only got one sample. The disadvantageis

got to run different shifts of operators, and that's what drove, in part, high-speed sorting
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We have certain purity requirements, we had contamination require
that are somewhat different than what a lot of you face, and | think some of the thin
did might be useful in terms of thinking about new ways to look at some of these issu
alot of you will be talking about later today and are certainly alot more expert in than

Let'stalk first about sort purity. Obvioudly, it's afunction of analys
how fast are you going to push yourselves through there, and most importantly, the
to which the population is resolved, and aso, the amount of background florescent ¢
Depending upon one's sample, these can be -- can vary enormously.

For bivariate two color flow karyotype analysis we could, at best, |
say, on aroutine basis, with large numbers of sorts, get up in this purity range. And

analyzed by florescence and in-situ hybridization.

ments
gs we
es that
am.
S rate,
Hegree

debris.

would

that's

So the procedure is to sort chromosomes at regular intervals, sample the

sorted population, put them down on a dide. For sorting a single human chromosome
somatic cdll hybrid, then hybridize down and probe the specific or the mouse, or the C
hamster background, or for the human chromosome in assay purity.

We dso did a lot of data analysis on the distributions, but actu
think, FISH analysis was the most definitive.

One of the things that we were aware of, but not overly concerned
was cross sample contamination. Obvioudly, you don't want to cross contaminate, w|

you're sorting chromosomes or cells.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

roma

hinese

dly, |

about,

hether




29

One of the things | always found curious and surprising was when \
our alignment of our system, we would use very small microspheres which imitate th
of achromosome. So these are about 1.2 micron plastic microspheres.

So we'd run those through, optimize our alignment, as al of you dq
minimal rinse, back flush, rinse off the tube, put your sample on and start 9
chromosomes. We'd sort 10,000 chromosomes.

Generaly, in those 10,000 chromosomes we'd see less than one
microspheres, which | always found kind of encouraging, that there wasn't
contamination based on this sort of analysis, with these small microspheres.

It's one way, not the only way, and maybe not the best way, to start

afedling for how much carry over there might be.

ve did

e size

), do a

orting

Dr two

must

to get

Let me put an asterisk after that comment. If | were running the machine,

that number would probably be much higher. Our operator was fastidious in operation

machine. He wouldn't let me close to his machine. Let's be honest.

of his

And this fellow is the ideal instrument operator. He takes care pf his

machine and knows his machine, and loves his machine like you want all your operal

do. Regularly changing filters, changing tubing.

orsto

Look at your flow cytometer that does sorting. Are there any salt crystals

on it somewhere? Not on Joe's. This guy really takes care of his instrument, and that

'S part

of the reason we saw very little cross contamination, although none of these things are

absolute.
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We were concerned about bacteria contamination. | think everygne is.

Our approach to that was we use a millipore sheath tank for our sheath. So we'd aut
that. We'd prepare our sheath of solutions, all our reagentsin a sterile fashion.

Generdly, what we were doing was doing a 70 percent ethanol
sometimes, depending upon the situation, we'd leave it in overnight, rinse it out
morning. We'd amost never see any bacterial growth as acid, by taking five or ten mil
out of the receptacle where we were sorting into.

Take five or ten mils, concentrate it down, put it out on a nonrest
agar plate and grow it for aweek at different temperatures. We amost never saw
bacteria growth.

Again, the asterisk after that comment is | believe in a ver
environment. It's not high humidity of where some of you live and work.

We can do -- we can amost do tissue culture on the lab bench. I
dry. It's 7,500 feet in Norther New Mexico, and that makes a big difference aswell.

So these are some of the characteristics of flow sorting that we
across when we were doing alot of chromosome sorting.

I'd be fascinated though to hear about the talks this afternoon, what
of you all face and your approachestoit. Another pretty picture of a
analyzer, laser beam microscopic -- the intersection point.

S0, in summary, remember that we're talking about analysis rates of

to 10,000 per second. Particle analysistime, microseconds to milliseconds.
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In some systems we're analyzing up to 50 parameters per cell. The g

joacial

resolution is essentially zero dimensional and, obviously, the sorting particles in our cells,

chromosomes, can be physically separated for further study and/or applications,
really leads usto the rest of our meeting today. Thank you.

I'd be happy to answer afew questionsif we have alittle bit of time

MR. MARTY: Scott, as a rule of thumb, when you're talking
analysis rate versus sort rate, if you know the percentage, but not enrichment of the
particle that you're looking for, you can then estimate the sort rate to be that fraction --

MR. SCOTT: Sure. If your sort rate is the same as the analysis
and that's the mistake that new flow cytometrists sometimes make in their NIH-shareg
instrumentation, the shared instrument grants. Of quoting the analysis rate as their sol
and that's what someone told them. It's going to be a deadly error to apply for &
application.

DR. MARTI: | don't think | explained it right. It's not just the arn
rate, it's also the number of (Inaudible. Speaker not near miked location.)

MR. CRAM: Good point.

COURT REPORTER: I'm sorry. | can't transcribe unless you u
microphones.

DR. van den ENGH: I'm Ger van den Engh, Ingtitute for Sy
Biology and the sort rate is not only dependent on the analysis rate, but also depends
number of drops that you make per second.

MR. CRAM: Other questions, comments, clarifications.
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MR. CODER: Yes, Scott. Dave Coder. You had done th
illustration of contamination of microparticles into the funnel-sorted sample. You b
up the one point also for high-speed sorting you have to have much higher concentrati
things. And it's been my sort of observation that the higher concentration you have bé
things, the greater the burden you're going to have as cross contamination goes. And
something that you observed as well.

MR. CRAM: Absolutely. | don't think it hurts to Stress agal

[1%)

one
rought
ons of
fween

is that

n the

importance of thinking about your sample concentration in these high-speed sorters, because

as you drive your concentration up, we found we get into alot of unexpected problen
just clumping, but other spurious results that force us in some situations to back of
what we thought we could do in terms of cells sorting at very high rates, requiring ver]
concentrations.

MR. CODER: Thanks. WEell take one more question.

NS, not
f from

y high

MR. JANSSEN: Bill Janssen, the Moffitt Cancer Center. Thisis agtualy

on adightly different tangent, but you notice as the speed goes up, the pressures go uy
doesn't -- wouldn't this have an affect on your sample integrity after a while. You
talking about pressures up to 100 psi. That's like sorting under 60 feet of water.

We didn't do much cell sorting a 100 ps. Those are most

chromosome sorting experiments. But certainly, we didn't find many cell types othé

). And

were

y for

¥ than

the standard rubberball scope CHO cedlls that could withstand not the pressure per se, bhut the

decompression as the cells come out of the nozzle, go from 100 ps down to atmog
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and that's why | think most of your commerciad cell sorters are operating i

neighborhood of 40. Isthat right? 40 psi. What do you guys operate at? 60.

n the

MR. CODER: Thanks, Scott. And now after the premature introdyction,

we will have Bob Sausville speaking, and just to bring up his first dide, he is with the

Division of Case Management and Scott had illuded to some of the issues of how to keep

the instrument sterilized and keeping things not growing that you don't want to grov
Bob isgoing to tell usall how to keep it clean.

MR. SAUSVILLE: Thank you very much. | hopethat | can actuall
some education to this process of how to keep things clean. As pointed out, | am w
Office of Compliance, and | cringe when | hear the cross contamination percentages.

| guess I'm looking at this from a little bit different perspective. |

v, and

y lend

th the

know

that this is a new field, but | want to try to get everyone to start thinking about good

manufacturing practices, even in your research, because down the road, hopefully
research is going to be productive and you're going to go further and maybe eventually
licensure of something.

| first want to thank Michele Keane-Moore for inviting me and Joy
supporting her in that invitation. Dave, thanks for the introduction twice.

So | think well start with just alittle bit of basic background here f
I've got a few dides here. Michelle told me that 1 was to come and talk to you
sterilization, cleaning and sterilization and flow cytometry equipment, and | had so

todoit. | thanked her for al of the extratime she gave me.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

your

goto

ce for

Dr me.

about

inutes




Redlly, cleaning and sterilization are two topics that could conceiva

two weeks each, so I'll give you what | can in 20 minutes.

bly be

Another gentlemen asked about regulations. | don't think you need to

worry about regulations. We've got plenty. I'll show you afew that | think might apply.

Just a quick genera condderations for cleaning and some 9
considerations for cross contamination issues. Quick discussion on validation and
again briefly, cleaning and sterilization and then a short example that we've used in th
for the gene therapy products and how we would apply validation procedures, | guel
realy early phase clinical materia up through, hopefully, licensure.

But, again, thisis just to ¢get you people, hopefully, thinking abo
early so that you'll know eventually where you're going with it.

As | sad, weve got a few regulations. 1270 are published. T
proposed 1271's for good tissue practices, for producing products for humans. We ha
210, 211's, good manufacturing practices for drugs, also for biologics.

Specia biologic product regulations in the 600's, and the 800's m
devices, and Christine Nelson's going to speak next on that. So | won't touch those. |
going to touch the 1270's either.

So welll start with the -- the next four dides will be about the

manufacturing practices that could apply, if we were so disposed to need to use them.

joecial
then,
e past

ss, for

it this

here's

ve the

edical

m not

good

To begin with, 211.63, equipment design, size and location, is to fagilitate

operations for intended use, equipment construction, and here we go, product gontact
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surfaces shall not be reactive, additive or absorptive, and equipment cleaning and

maintenance, 1167, equipment must be cleaned, maintained and sanitized regularly.
And for product contact surfacesin a aseptic process, that sanitized

realy be sterilized.

would

211.113. And, again, this is a very important component, conirol of

microbiological contamination. Must have procedures designed to prevent microbiol
contamination and it shall include the validation of any sterilization process.

Under subpart J, records and reports, 211.182, you must have equi
cleaning and use logs, and a written record of magor equipment cleaning, maintenan(
use shall beincluded inindividua equipment logs.

So aflow cytometer with different samples would have to have reg

the different samples that were put into it.

ogical

pment

te and

ord of

Go onto the 600's, the more biological regulations. Under equipment,

600.11B, apparatus and method of sterilizing equipment shall one, insure the destruct
contaminating microorganisms, be at least as effective as maintaining a temperature ¢
for 20 minutes, designed for thorough cleaning, inspection for cleanliness.

Product contact surface snall be clean and free of surface

leechables or other contaminants and equipment shall be sterile unless product ster

ion of

of 121

solids,

lity is

insured by subsequent procedures, and that generaly means that you filter the prodluct at

some point down the road, or it'sterminally sterilized and, theoretically, at least, | don'

your products would fall into either of those categories.
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The 121.5 for 20 minutes, again, that is sterilization needs to [
effective, but that still needs to be demonstrated. Y ou can't just do 121.5 for 20 minut
say that, we did what we were told. It's only to see the biological indicators show the

of those, lethality of your process.

e that

s and

desth

And then the last dlide on regulations, 600.12C, records of sterilization of

equipment and supplies must have the mode, date, duration, temperature and
conditions for the equipment and supplies in the production process shall be made in ¢
an accurate, reliable way.

Now the genera considerations, it's control the facility, but real

control of the process, and again, as you can see from the regulations, our main @

other

and by

ly it's

jontrol

concern is the contamination and cross contamination and that, again, can be

microbiological, it can be chemical, it could be from other cells, someone else's cells.
So we need to minimize the potentia for that.

One way to do that is to segregate activities and processes and yd
need standard operating procedures in place to prevent any mix ups.

Specia considerations. These are a few of the potentia routes of
contaminations. Centrifuges are atypica problem areafor us, because of the general
aerosols and in those we would expect one sample to be processed at a time, and cl¢
and sanitization of centrifuges between lots.

I'm thinking flow cytometers fal into this area. Pipettors are a
area. We all have used them, but we need effective cleaning procedures for your pig

especialy your automatic ones with filters attached.
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Incubators, obvioudy, are a perfect place to grow everything, and |

guess

this would be the -- expansion of the cells that you've sorted and, obviously, flow cytometer

would be a special consideration for a potential route of cross contamination.

Now, idedly, al product contact services should be replaced w
cleaned and pre-sterilized components. Now | don't know really -- I'm not that familig
flow cytometers. When | dealt with them, it was a long time ago and it was of m
duration.

So well let the manufacturers tells us where we are on that part.
cannot -- well, one of the concerns, even if you do that would be to maintain sterility
the replacement of the components, and at a minimum, in the class 100,000 area th
possible scenario would be handling at an aseptic manipulation under class 100 condit

Obvioudly, that replacing after each use is probably not too feasll
we need to then consider cleaning, sterilization and have that process validated.

And this is a stock validation description. Establishing docun
evidence which provides a high degree of assurance that a specific process will cons
produce a product or, in this case service, meeting its predetermined specificatior
quality attributes.

So when we clean, we want to make sure that we get to a certain set
and when we sterilize we want to also meet certain parameters.

And avalidation approach for clinical manufacturing. This has

modified over the years to be alittle bit more stringent because when you actually get
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clinical trids, the facilities involved in the clinical manufacturing should be in comg

with applicable GMP's.

liance

Do not expect full validation in the early stages, because you may not

have three repetitive runs, or the worse case configuration. Any facility supplying ¢

inical

materia to other institution -- this would be a contract manufacturing. | mean, | can see you

folks being in a contract manufacturing mode, but that would imply that you meet CGMP's

and you should meet what is expected for commercia facilities. And the phase
materials should be manufacturer’s on full GMP's.

In the validation of cleaning, we need to be concerned about the
being removed, that includes the product, cleaning agent, microbia contam
endotoxins and sanitizing agents.

There are different methods of sampling from the equipment. We g
like to see a visua inspection, if possible. Take swabs in open areas, or sw.
inaccessible areas.

One of the other main methods is a fina rinse sample. Generaly,
rinse sample has been performed in conjunction with swabbing at some point to sho
there isacorrelation.

| mean, obvioudly, swabbing's going to show you whether somef

clean. Probably better than afinal rinse, unless you show that correlation.

three

items

nants,

lways

Abs in

A fina

w that

hing's

And then there are anaytical tests that can be run. | mean, obvipoudly,

product specific assays. | don't know how that's applicable, athough if you're son

labelling the cells, that label may be left behind. TOC, total organic carbon, ph conduc
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We do have water standards if you wanted to meet WFI specificati
your standard and protein assays.

Now one or two rules to keep in mind for cleaning are Imbesi's

oNs as

aw of

conversion of filth. In order for something to become clean, something else must bécome

dirty and Freeman's extension, you can get everything dirty without getting anything cl
WEell move onto sterilization. I'm sorry for the short time on cleanir
we don't have -- we can't get into that depth.
I'm going to talk mostly about moist heat sterilization, with &
amount that | talk about sterilization will be about moist heat. Its a very «f
sterilization method. Two important requirements are water vapor and elevated tempe
Another that we see quite a bit in the dry hesat is dry heat steriliz
That's higher temperatures, lower water vapor, or no water vapor.

We quite frequently see that in depyrogenation ovens and tunnels.

ean.

g, but

L brief
ficient
ature.

ration.

There are other methods of sterilization. There are gaseous sterilants. I've

been furioudy writing down notes as we've been going through this this morning to

touch on asmuch as | can.

try to

| didn't go into the couple of different methods of sterilization. Obvijoudly,

gaseous sterilants, you still need to worry about the residuals that are left behind. |
that's a redundant statement.

But if you were to use a vapor, hydrogen peroxide or chlorine diox
sterilize your equipment, you have to make sure that that's not left behind and t

validated process.
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| dso did not go into SIP, or sterilize in place. Most of what were t
about here is sterilize out of place. | mean, | can see that potentially that for the
cytometer you might be able to do a sterilize in place in the proper configuration, but |
go into sterilize in place because, again, that's a whole another week course on

involved.

alking
2 flow
didn't

what's

So anyway, steam derilization, the validation. The three very important

components to this validation, heat distribution, heat penetration and then bacteria cha
to show that you've actually distributed and penetrate at the rate you're supposed to an
the temperature for the appropriate amount of time.

Most steam dterilization cycles are based on direct contact of the i
saturated steam. Removal of air is a common problem and trapped air prevents penel
of steam and depresses the temperature in the space of the autoclave, or in areas
autoclave.

A preparation for sterilization is an important issue, different compag
the components that make up the flow cytometer that would need to be terilize
product contact components would fit into either one of these headings.

Preparation includes how they're washed, rinsed and drained. |
that gets back to the cleaning validation, and then how they're wrapped and stored
they're loaded into the autoclave.

Components must be stored in containers or wrapped in materials

allow steam penetration, but it protects it from the environment once it's sterilized.
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And again, it cannot contain excessive water from the rinsing because

water may act as an insulator for the equipment or components that are covered in wat
will insulate the surfaces that need to be sterilized.

Loading patterns in the autoclave can affect removal of the air fra
chamber and the flow of steams throughout the chamber. Loading patterns need
defined during validation and should be consistently used during production.

Heat penetration probes and microbia chalenges are placed
dowest heat areas of the sterilizer. That generdly is the drain, or the vent, vent filter
supplies the incoming air after the sterilization.

Maximum and minimum loads should be defined and the reast
extrapolating data for these |oads needs to be explained.

And minima loads are important to validate aso because a whol
obvioudy takes a certain amount of time to heat, but a minimal load can have it
problems.

And some of the other issues, obvioudy, handling of the compone
the equipment after sterilization is a big issue. How long can it be stored prior to it
used and how do you maintain that sterility during the storage?

And some component or equipment cannot be sterilized more than
So you need to keep records to make sure that you're -- you haven't ruined whatever it

be or are using something that was ruined because it was sterilized more than once.
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Finally, well finish up with this validation approach, an examg
clinica applications. An autoclave used to prepare sterile materials. | think
appropriate in this case.

But early phase one and phase two, you need to demonstrate th
have a proper cycle achieved. You monitor the temperature, the pressure, and the t
temperature, use biologica indicators for verification that you've reached sterilizing
but the loads are not well defined.

Early phase three temperature mapping should be done to determi

le for

that's

At you

me at

mode,

ne the

cold spots and hot spots. Biologica indicators should be placed to verify at the problem

points. Again, the cold points, the Slowest to hesat aress. And at this point, the

loads should be somewhat better defined.
Then late phase three a onto licensure. Obviously, we validate g
determined at the monitored points. So that's at the cold points and you usualy &

monitor your cold points.

cycle

lways

The loads are well defined and standardized and each load configuration

has been mapped or worse case |oad has been vaidated.
So if you have a minimal load and it turns out to be the hardest t(
the dowest to kill, you'll define that during the validation process or whatever configur
you have at your worst case load.
Another example, to just throw it in here, sanitizer effectiveness,

one and phase two to be supported by literature. Phase three and beyond to be suppor
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avalidation. You actualy show the sanitizer effectiveness. So redlly a sanit
the sense of surface sanitization.

| have a couple of references here. Christine has awhole list of refe
at the back of her thought, but the guidance registry for the submission of the docume
for sterilization process validation and applications for human and veterinary drug pr
were published in 1994.

Guidance on dterile products produced by aseptic processing
published in 1987. It is currently in draft for the updated version, but there's -- | can
you atime when that will actualy be published, because no one will give me atime.

Lastly, I'll just put phone numbers on the board here. | am now
Divison of Case Management. Before | was with the Divison of Manufacturin
Product Quality. These folks really are the ones who review the applications or submi
that comein. They can be involved in the IND stage and beyond. Their number i
827-3031.

If you have specific questions that you want to ask me, feel free |
me. | want to keep involved with this area. So | don't want them getting all the phone
but maybe the mgority.

But that's al | have. So | guess we have alittle bit of time, if anybo
guestions. Excdllent. No questions.

MR. CODER: Just briefly. Dave Coder, again. Most of the em
that you were talking about and most of the things that we were thinking about as

sterilization goes, literally relates to killing microbes that are there down to sporici
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killing gram positive spores, probably the most refractible things, except as far as sq
the things that we'll probably be looking at, contaminants from the standpoint of non
cellsisoneissue.

But if someone is dedling with say gene therapy, having non-viab
potential chunks of foreign DNA ditting there from another patient is one issue, an
also potentialy other antigens that, again, non-viable that -- something that would
allowed in afina product.

Are there specific ways that those have been dealt with, as
vaidation, the absence of those as contaminants?

MR. SAUSVILLE: Waél, | think that that's been addressed wi
cleaning, in the cleaning arena. And yet the product specific -- | mean, it doesn't reg
but people have suggested PCR, but PCR's liable to pick up too much, or if you don|
the right segment, you won't get the part that you're looking for, or you won't see i
there, but it still will be there.

So that'swhy | think | said that the best possible scenario wasiif yol

- each cdll sorting experience was its own lot. | mean that's the way we would hand

me of

viable

e, but
d then

be not

far as

th the
ly fit,
t have

nat it's

use -

ecdl

processing, and that's the way weve looked at it in cell processing, that each donor or

individual cellsarealot. S0 segregation is important.

But asfar as sterilization, there may not be away to -- | mean it mi
sterile but dirty. | mean we don't really want that.

MR. CODER: Thanks, Bob. Gerry Marti is going to introduce Ch

Nelson, our next speaker. Our next speaker is Christine Nelson. Presently, she's dire
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the International Affair Staff. We're drawing on her experience today for the last ten
years.

She's been in the Divison of Small Manufacturers assistance ar

orl1l

id her

experience has primarily been in the area of device GMP's, and more recently, the quality

system regulation, which is something that evolved out of GMP's. Christine.

MS. NELSON: Thank you. I'm pleased to have the opportunity tof
talk to you about the quality system regulations.

We typically spend a day on this regulation when we do workshop
was challenged to condense this to 20 minutes.

What I'm going to do is to go over a couple of definitions and th
going to talk about the seven subsystems of the quality system. I'll give you the purp
each subsystem and then I've listed some tools for achieving that purpose.

The tools happen to be the requirements of the quality system regu
I'll talk about one tool per subsystem, but | wanted you to have a complete list of
tools.

And then finaly, I'll end with where you can find more information
the quality system.

So the definition of qudity system is the organizational structure, responsh
procedures, processes and resources for implementing quality management.

This means that a manufacturer needs to establish a structure f
seven subsystems I'm going to talk about, assign responsibilities for the work that ne

be done, establish procedures for what needs to be done, so that what is done is
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consistently the same way, and supply adequate resources to carry out these procedures and

processes.

Also, develop processes that are robust that -- as was mentioneq, you

want processes that consistently produce the same result each time.

Going back to resources, these include trained and qualified personne and adequate

equipment and facilities.

So how can this quality system cover so many different types of devices?

It covers in vitro diagnostics, hip implants, cardiac pacemakers, a lot of dif

technologies.

ferent

Wl it was written to be flexible. The requirements are stated in genera

terms. We don't try to tell you how to do something, we tell you what you need to achigve.

With this flexibility comes some responsibility on the manufacturer’s part.

The manufacturer is responsible for determining -- given what that manufacturer is gdoing,

how best to comply with the regulation.
Here are the seven subsystems of the quality system. You notig
management control is in the center, and that is because management influences the
Six subsystems.
So how management sets up the quality system, what manage

commitment is to having a good strong quality system really makes a differencs

company.
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The first subsystem I'm going to cover is the management ¢
subsystem. The purpose of this subsystem is to make sure there are adequate resourd
the operations.

And resources include quaified people, training, buildings, equi
such as computers and software, and manufacturing equipment.

And then it's important that management monitor the quality systel

ontrol

res for

pment

m and

make necessary adjustments where they're needed to assure that the quality system is

functioning properly.

Monitoring can take place through an appointment manag
representative and through period reviews of the quality system.

I'll skip over those tools and focus on conducting management re
Management reviews, there's nothing specified in the regulation about how oftey
should occur. Thisiswhere you're given some flexibility.

But management must review the quality system and the correctiy

preventative action activities periodically.

ement

Views.

N they

e and

How often management reviews take place depends on the situation and

the company. Y ou probably should have management reviews more frequently with
quality system, when there are problems with the quality system and/or manufactur
testing, and when there are mgjor changes taking place, such as expansion of the con
adding anew product line.

When the Situation is stable, when you're not have alot of problem

the qudity system, you can do management reviews less often.
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So that's why we didn't specify how often to conduct manag
reviews. It depends on the situation.

Design control is the second subsystem and the purpose hereisto @
the process of designing a device to assure that the device will meet the user's neeq
specified requirements and regulatory requirements.

Now there are many tools for achieving this purpose, but | think
the most important ones is right in the beginning of the design control process to identi
design inputs or the requirements for this product.

What do you want the product do to? How should the product p
for the user? Are there standards that you want to -- want the product to conform wi

what FDA requirements do you need to conform to.

ement

ontrol

Is and

One of

fy the

rform

th and

So these are some of the things that should be listed and identified as

requirements for the device.

And then you're -- once your designers know what the requiremer
they can design to those requirements and then you can conduct verification and vali
later on to seeif you've actually achieve compliance with those requirements.

The next subsystem is the production and process control subsy
Thisone has avery simple, straight forward purpose and that is to manufacture produg
meet specifications.

Now as smple as the purpose is, the actual achievement is very cor
| think one of the most important tools for achieving this purpose is to control and

manufacturing processes.
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Now control and monitoring can take a lot of different forms. It ¢an be

testing and inspection of output to make sure that the output meets specifications.

But it

should also include assuring that the process operating parameters are set where they should

be.

So if temperature, pressure, flow rate are important operating parameters

for the process, you want to monitor and control that process to make sure that it's opé
at those established parameters, the ones that are validated.

The corrective and preventative action control subsystem is, | thin
to management, key subsystem in the entire quality system.

The purpose here is to collect and analyze information that will he

yating

k next

P you

identify non-conforming products and quaity problems and then investigate them to identify

their causes.

You need to take effective corrective and preventative action to (
quality problems and prevent their recurrence. So this is a subsysten
impacts on al of the other subsystems.

And collection and andysis of data redly is the keystone @

porrect

n that

f this

subsystem.  You probably have a lot of data available that can help you identify quality

problems and non-conforming product.
You're probably more aware of the data that would help you ide
non-conforming product, but are you using it to identify quality problems and improv

operation?
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Some of the data that you might want to look at is the resilts of

monitoring manufacturing processes.

And inspection and testing of incoming products can aso help you.

It can

help you identify problems with your suppliers and complaints that you get. That's another

useful source, and an obvious one.

But | think thisisreally a very essentia step in establishing a cortective

and preventative action control system that is going to be viable.

The documents, records and change control subsystem is the
subsystem | want to talk about. And this has avariety of purposes.

It's there to assure that specifications and procedures that you're usi
adequate, and that's through review and approval of them.

To assure that only current documents are being used. If you have
procedure, you certainly don't want people using the old one.

The purpose -- another purpose is to assure that changes are revi

> next

ng are

a new

awed,

approved and incorporated into documents. Changes are made because of problems,

generdly. So when you make changes, you want to make sure that they are &
implemented.

And we've seen situations where companies did all the right thi
making a change except implementation. Somehow that got forgotten.

And, finally, you need to assure that documents are maintained f

required length of time, and that's for the FDA investigator, and also for you to refer bz
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So if you go to investigate a problem with a product, having the re
of its manufacture and a record of acceptance -- of components that went into that pj
will help you investigate and pinpoint the source of the problem.

One dof the tools for achieving the purpose of this subsystem isto
system for controlling your documentation. Establish a format and a system for num
or otherwise identifying documents. You want to know what their revision level ig
implementation date, and what their statusis.

For instance, you want to know whether a document is a draft or

document that's been implemented.

You should have procedures established for reviewing document;

approving them, distributing them, and implementing them. And you should
procedures for retrieving out-of-date documents.

Now, as we go more into electronic documents, if you prohibit

pcords

roduct

have a

bering

. thair

A final

s and

have

people

from printing them out, this is a little bit easier, because they're working off the computer.

But that's another seminar al by itself.
The materia control subsystem is our sixth subsystem, and the p

here is to insure that al products that are accepted, used and distributed meet

Irpose

your

specifications. Here | need to define the word products. It includes, under this quality

system regulation, components, manufacturing materias, in-process devices, fi

devices and returned devices.
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So an important tool for achieving this purpose, and one that m
unfamiliar to you, is the requirement to evaluate your suppliers, your contractors an(
consultants.

So what you're looking for here is can your supplier supply yol
components and manufacturing materias that meet your quality requirements ang

specifications?

ay be

1 your

I with

your

Can your contractors perform the kind of work that produces the quality

that you need? And are your consultants the right ones to help you with the problen
have or the job that you want them to do?
It's kind of a novel idea to evaluate a consultant, isn't it? But we s
that you ask them what their experienceisin. If they've done work for FDA? What K
topics they speak at at industry seminars? Try to find out what their background is ang
they redlly are the gppropriate ones to help you with your problem.
The fina subsystem is the facility and equipment control subsysten
purpose here is to assure that devices are not adversely affected by the manufag
environment, buildings or equipment.
You need to make sure your buildings, facilities and equipme
adequate for the operations that you're conducting.
If you need a class 100 clean room, don't try to make do with &
1,000 clean room. You'e redly going to be sorry if you do. It's going to cause you g

trouble.
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| think the most important tool here -- the first one is to design ang

facilities that work. Keep in mind what you're going to be trying to achieve in

build

these

facilities and what they need to be like in order to enable you to achieve that Wwith a

minimum of work and rework.

So if you need controlled temperature and humidity for process

ng or

storing, make sure you have adequate controls in place, and make sure you have enough

room to get at the equipment to clean and maintain it properly.

Now where can you find more information? Obvioudly, I'vejust hit
of the high points of this regulation. The regulation and the preamble are at this wel
think the preamble is important because it redly tells you what FDA's thinkin
regarding theserequirements. It tellswhat FDA's response was to comments.

And when you're wondering about a particular requirement, won
what it means really, it's often helpful to back and read the discussion of that requiren
the preamble.

| would recommend that you sit down and read the preamble from
to cover unless you're suffering from insomnia, but refer to a discussion of a par
requirement when you have questions.

My divison, the Divison of Smal Manufacturers Internationg
Consumer Assistance, has alot of information on the website. You can get at this m
device quality system's manual, and we aso have a device advice page, which

tremendous amount of information on it.
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And if you can't find what you need on the web, you're aways wel
to cal us, fax us, or email us. Thank you very much.

MR. CODER: Are there any questions? No. Wdll, thanks. So, |
in the interest of time, we'll sort of move on at this point. We have the mid-morning

coming up right now.

come

guess,

break

And just as a thank you to some of the financia help that came through

ISAC from the manufacturers for setting up the coffee breaks and lunch, I'd like toj
Bechman Coulter, Becton Dickinson and Cytomation for providing the money such tf
can al be well watered and fed during this.

And Gerry had pointed out to me aso, we do have a couple of docu
that have been published in cytometry on the biosafety guidelines for the sorting of u
cells that came out several years ago as a biological assay method, and then a more
non-biologica assay method of trying to get some idea of how many aerosol contam

may be spewed out in the environment.

thank
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So we'll have the break now and if we could be back by about a quarter of

11:00, well continue on with the rest of the morning session. Thank you.
(Whereupon, the meeting went off the record at 10:25 am. and wer

on therecord at 10:48 p.m.)

MR. CODER: Soif we could start the morning session, finish off the last

haf here. So as | mentioned in my introduction, we're having a variety of sources of

expertise brought to this.
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And so the badance of the morning were going to hear abo

manufacturer's instrumentation and what they're currently doing and some of the thin

ut the

s that

might be going on, such that you can know, one, who they are and then al of us can become

familiar with what the requirements might be. And it's going to be an interactive prog
come to the final document.

So as far as the start of this, well have Todd Christian, with E
Dickinson begin with sesson with the manufacturers. He's market manag
instrumentation and also manager of custom products for Becton Dickinson, and he's
to give us the quick overview of sorting of Becton Dickinson flow cytometers.

MR. CHRISTIAN: Thanks, Dave. What | wanted to do is just
really quick overview, because | think al of the important work will be happenir
afternoon, where we could al start working together to understand what needs to be d
get us where we want to be and define where we want to be.

So what | wanted to do is just define and give an overview of our g
mechanisms of sorting and what we have available currently, and it'sreally twofold.

We have a verson of sorting, which is a mechanica sort on the
Cdlibur. Can everybody hear me okay? On the FACS Calibur instrument and then g
what we heard about aready this morning is stream and air sorting on the FACS V
SE.

And, again, just briefly, | want to go through what are the differencs

what do the -- how do the implications differ for what we're talking about today?
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So with the FACS Calibur, it's amechanical catcher tube mechanis]
I'll have some diagrams to illustrate that, to collect cells of interest. In concept, Sim
any sorting. Y ou want to identify acell and bring it -- get it back.

The catcher tubeis -- it's located at the upper portion of the flow cg
it is actualy a mechanical movement. It moves in and out of the stream and captures
cellsthat have been identified as acell of interest.

One of the implications is, you'll notice, it's arelatively low perfor
sort because it's amechanical movement.

S0 you can sort desired cells at arate of up to about 300 cells per 3
with greater than about 95 percent purity.

Another thing isit's -- in comparison to stream and air, it's -- | use
quotes, "a closed system for sorting.” It's enclosed from the sample injection through

sample output into the tubes for more of an aerosol-free environment and better safety.

n, and

ilar to

| and

those

nance

econd

d it in

to the

A key thing to note is sorting applications on the FACS Calibur are for

research use only, and for those of you who may not have seen it, thisisthe FACS C
Here's the sample introduction area.

If you're not aware of the sorting mechanism, it's actualy located
chamber here. And this is just a diagram of how it happens. The sample flow
Calibur, obvioudly, is going up, which is reverse from the stream and air sort.

It goes through the flow cell, intersects with the lasers and here's
the point of interest. Once you identify the cell of interest, thisis the mechanical arm. |

into the stream and captures the cell and then deposits those cellsin a series of conical
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There are a couple of issues. There's three tubes, sorts one -- you
fills up another tube, then fills up another tube. It's not sorting into them individually

sametime.

know,

a the

The system can be dedlt with for aseptic sorting, not in terms of a

replacement, like some of the regulations and ideas that were discussed earlier, but through

an ethanol rinse. It can be used with sterile PBS.

And alot of the uses are sorting for culture and functional studies One

key thing is recommended for just cell function is to sort into BSA-coated tubes an
you centrifuge those tubes for further use and processing.

Some of the nice things about this method of sorting, athough it
performance limitations, there's fixed laser aignment and stream velocity that you
have to deal with specia operators or any intense set up.

So then with that, moving into the FACS Vantage SE, aso sorti
research use only at this point, using a different mechanism, which was described earli
morning, stream and air.

So on here there's redly two areas of greatest concern for what]
talking about today. One is the sample injection, or sample input area, and then the g
the sample output chamber.

With the sample output chamber you're actually creating droplets
and it's all enclosed in this chamber right here, so that's something that definitely need:
considered for a variety of perspectives. From a sample perspective, as well as fr

operator and operator safety perspective.
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So what happensin this space, creates droplets and then goesinto a
of output tubes al in this open space.

What are the implications? Again, as discussed earlier this ma
higher pressures for higher speeds, so you're dealing with sampleissues. A
result of that the -- it's a contained sample path, really, from the sample injection up
nozzle where we use high-pressure tubing to deal with the higher pressures to attain
sorting speeds.

However, one of the biggest areas of concern from a safety persg
are in the -- is the open environment from that laser intersection -- the sort nozzle

collection devices.

series

rning,
s a
to the

higher

ective

to the

So what have we done to kind of address those needs? We do have an

option, which is called the Aerosol Management System which helps to assist in managing

those aerosols.

A couple of key points. | don't want to get into a lot of specifics of
basicaly, what we do isjust it encloses that sort output chamber, creates a negative pr
environment within that chamber, as well as provides a droplet containment module ¢
sampleinjection, sample input area.

Some redly, | think, key pointsis that this assists in aerosol manag
from a safety perspective. It doesn't eiminate any of the health risks and it awi
anything that we do on this instrument and just sorting in the environment has to be U

conjunction really with good laboratory practice, from a safety perspective.
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So | think the key thing from my perspective, | will be here throl
the day and we a so have a couple of other representatives from BD here.

And it's realy to -- my objection is to work with al of you to
understand where we need to go and how we an get there together to meet the requirel
and defining the requirements.

And then another -- | think there's a few areas that we need
considering. One is just laboratory protection, obvioudy, for the personne at th
Ancther is sample protection, and what is the product of that sort.

Then what about performance? We may have to make trade offs
get into making these -- meeting these requirements, what kind of performance trade o
people willing to make?

And as part of that trade off, which | didn't put up here, is aso acog
off. | think we have to look at al of these things together for how to do these things

the lab.

ighout

redly

ments,

to be

e lab.

as we
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best in

So that's al | had. | just wanted to redly give a very brief high-level

overview of kind of our current mechanisms of sorting, what it means in the context o

we're discussing today, and then use this as a launching point to kind of keep things n

based on the rest of today's discussions and subsequent discussions. Any questions?
AUDIENCE MEMBER: (Inaudible, spesking from an un

location.)
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MR. CHRISTIAN: Theresa-- | cantell you alittle bit. I don't hav
of the details. On the sample input area, it creates -- actualy, | can get information &
through it with you later today if you want.

There's a vacuum on there, so it creates a vacuum pump and it's --
aspiration area, so any droplets are contained and aspirated out and away from any e
exposure. Larry.

MR. LAMB: Larry Lamb, South Carolina Cancer Center, Pg
Oncology. Question about your droplet containment center. We heard the talk thism
about validation. What procedures would you suggest or have you done to sho
efficiency of this containment system?

MR. CHRISTIAN: Theres actually -- theré's a number of dit
procedures, | think, that can be done and that's one thing that we're in the process of
right now is looking at that validation process from isolating any containment and
any potential might be, determining and identifying where that is.

There's some new florescent particles that can be used and ru

actually then used with a-- | can't remember the name of them. They've got afunny ng

ealot
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But they can be used to identify where aerosols may have been gengrated,

and it's just usng like a black light and looking at that. So we're going throug
validation process right now, both on the sample input and output area and chambers.

DR. MARTI: Todd, | had a question about the comparison betwe
mechanical sampling and air and stream. It would seem to me that the mechanical 3

would not be very competitive for the kinds of sorting that one envisions in today's mey
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On the other hand, | was thinking would such sorting at the level th
works, would that be useful for animal studies, in other words, where you didn't negf
large amounts of cells and is anyone using the FACS sort in reconstituting either marr
immune systems, or perhaps other systemsthat I'm unaware of in mice?

MR. CHRISTIAN: | think that's definitely a potential use. | thil
thing with the mechanical sort isjust the limitation on the rate of that sort.

And if you don't need a lot of cells back and don't want to Sit the
severd hours, or if you don't have to get al of those cells back, then that's certainly a
option. It's certainly lower in performance than stream and air.

So it really depends on what the individual needs are and getting
cells. | mean you then have to deal with more -- a more dilute sample of end product.

DR. MARTI: | guess the argument would be you would probal
doing five or ten mice, so it would till be better to use the air and stream.

MR. CHRISTIAN: Potentialy. It redly comes back to, |
individual needs and those -- the sorting performance and speeds at which -- and the
the pressure -- implications of dealing with higher pressures for the stream and air, an
that affects your cellsor particles. Great. Thank you very much.

MR. CODER: Thanks, Todd. So next up well have Matt Ottenld
Cytomation. He is vice president of product development for Cytomation. And |
computer to plugin.

MR. OTTENBERG: Thank you. | thought | would approach the v

product developments that weve done a Cytomation around the MoFo ki
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chronologically, because over the years as we've placed the MoFl o into various sites

which

we call clinical research gites, around the country the requirements have come to Us and

we've done various product developments along those lines.

Now, initialy, most of those requirements really dealt with biohazal
biosafety and protecting the operator, and those have now evolved into -- | think th
was coined here earlier a sample integrity issue where we really want to make sure t
don't have cross contamination sample to sample.

So under the guise of MoFlo clinical research sorting, the MoFlo,
know, stands for modular flow cytometer, as the brainchild of Ger van den Engh.

And one of the things the MoFlo system does, since it is
architecture, it dlows us to try out new things and adapt fairly rapidly and desig
systems and subsystems.

So quickly, I'll do that -- I'll do a brief technology overview of the N
WEell tak alittle bit about the operator safety that we've developed to date. There's
new products. It comes under the heading of CytoShield, a marketing name for sure
then finally, some new things we're doing in the sample integrity area.

First of al, in genera, the MoFlo has very high sort rates. | won't
the dtatistics as we did earlier. The 70,000 events | would argue is an anaysis rate ar
rates are dependent on al the thingswe discussed before.  Our  specification @
greater to 99 percent purity. Agan, the system is open architecture and alows ¢

configurations to be adapted fairly readily.
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And finally, | talk a little bit about the Sort Master system, which is a

droplet control and monitoring system which we think can be used a good fegd
mechanism to look at failure modesin aflow cytometer.

First of dl, in operator safety, originally, we developed abasically
containment. It'sa-- basically, a protective door. This is the business end
flow cytometer, the stream comes there. There's a sort receptacle behind the shield arf
door swings to the left and that door has been tested as that guideline to the current
test, as people cdll it, and passed dl on its own.

We then developed -- there were severa requirements to create ane
pressure in that area, and then evacuate that area and so we created the aerosol evag
unit.

It's an in-line evacuation motor. It's got an ULPA filter system ahegy
S0 herée's the entire unit. There's a hose that goes over to that chamber | showed ¢
creates a negative pressure there.

Ther€'s a filter system. The motor can be taken apart, the filter rey
and everything upstream of the filter then can be autoclaved.

It has afilter clog warning system built it. It's an audible alarm, redl
to let you know if there are any faults either with the motor or the filter system.

This system has a so been tested to the ISAC guidelines and we pr¢

have, | would say, roughly 30 placements of this unit.
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We then kind of went to the next level of biohazard contaimment.

Typically, we've been working with our customers -- with the individual lab safety off
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In the absence of genera guideines, we've kind of been listening t

and talking about their individual needs and eventually, we saw some overlap lab to |al

Thisis the latest thing we've built. Thisis a beta unit you see here,

fielding of this unit is occurring as we speak. We cdl it the secondary containment sy
where the previous, if you will, sort chamber, we call it the primary containment sy
We now have wrapped another level of containment around the sort area.

To give you an idea of some of the principal features of this syste
basically afume hood and the fume hood -- I'll go back here alittle bit -- has a continu

here and the sash keeps a constant air flow.

D them

The
stem,

stem.

m, it's

e sash

Lasers are shot through into this -- through a quartz window into this

chamber and you can see that same IT we talked about there, the primary system is
there. The sample injection unit fits inside here and, actualy, a cyclone cloning arr
cloning motor -- an automatic deposition unit fits on the left side of this.

Again, the principal components here, with the -- the blower cre
negative pressure and is evacuated through a HEPA filter. We aso have some elect
which look at the airflow sensor, again as afault indicator.

And then also there's some warning lights that can be activated
automatically, or by remote control, or based on various sensor feedback.

The other thing here is this is the waste tank. We've made provisi(
this so that the waste tank can be handled externally without having to go into the §

into the containment unit.
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And, findly, recently we had a requirement for a decontamination
formaldehyde plate, basicdly, to do a formaldehyde bombing of that system.

And then this subsystem here is an air recirculator, basically, a ch
recirculator to get all the formaldehyde out afterwards. It's a very lengthy process tho

takes about four to six hours.

unit, a

arcod

igh. It

Again, I've talked about some of these things. It's a fume hood. Thisis a

back view of the fume hood. This is an air-cooled laser shown poking through one

guartz glass windows.

of the

This is the detector array, basicaly the photomutliplier tubes and the

other items. We've separated the internals of the sort chamber from the detection el eq
and some of the other photomultiplier tubes.

We taked about the formadehyde decon system. This system d
some lock down capabilities. We've considered putting some interlocks into the syt
well. If a contamination alarm does go off, it could lock down the doors to prevent
until such time as the system has been decontaminated. The system comes with
remote controlsto drive all this stuff.

Recently, we added to this system. Again, since the fume hoo
providing a negative pressure, the next logical question was asked, well, inste
providing a negative pressure to your primary containment, can you put a positive pr

in there to provide for sample integrity.
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And we've done that now. That's what we call a sample protector. It's
basically afan unit with a blower, also another HEPA system which some clog warnipgs as
well.

So thisis the primary that will be kept at a positive pressure with the fume

hood externally under negative pressure.

To talk some more about the sample path, I've kind of drawn a diagram
there of the places where the sample actually comes into contact with tubing and nozzle, et
cetera.

So thisiswhat we call a Smart Sampler, asample station. It's a systém we
designed which encloses the tube completely to prevent the mechanic -- one of the problems
we had with the origina unit were when you rely on the tube to provide a sed &t high
pressure, any dight crack or such can crack the tube.

So we developed the sample station originaly to allow for the tube to be
completely enclosed within a chamber and then pressurize that chamber. And this eliminates
the faults you can get from cracked tubes.

The system then draws sample into the nozzle, obviousy, where we also

D

have sheep and vacuum lines, and then there's a sort receptacle area So these are
the major components of the sample and production system.
Now one of the things we strive to do in that is to have a continuoys tube

length. So this is the clamshell, if you will, of where the cylinder, which rises up and sedls

the sample tube right there -- there's an update tube that you can barely make out right there.
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That uptake tube goes through a pinch valve assembly here and thet
off to the nozzle assembly. That has now been made into one continuous tubing leng
that's now consumable. It's a piece you can buy. It's about afive to ten minute exchang

Again, there's an exterior pinch valve. With the original in-line s
valves we had we saw lots of cross contamination and we developed a pinch valve
been tested in our labs but not tested by many individuals on certain cell lines yet.

One of the things, since we're pressurizing this chamber, we nece
want to keep outside contaminants from potentialy getting into the tube.

And what we've done there is there's a HEPA filter that proceg
pressurization of the cylinder and also similarly on the output side of the sample seq
when that chamber opens that tube -- that chamber ventsto outside air.

So we've aso provided a HEPA filter for that venting to the outs
And there are various other devices there too, including an expansion chamber and
other things that make that go quickly.

The nozzle itsdlf is easily removable. Well, that's ardative term. |
about -- a five minute exchange, | would say, is also maybe a bit optimistic. It's pr
closer to ten or 15 minutes.

But the system is autoclavable. Here are the components of the
assembly itself. You can go ahead and take that off and autoclave it. We don't --
know how many people have actually done that, but we've tested, certainly that the

survives, or that the nozzle survives the autoclaving.
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Finally, within the sort chamber itsdlf, thisisablown up picture of the I T.

So normally, there would have been that primary containment door there, but | war]
show this because thisis, if you will, the sample collection area.

And you can see it's an area that's mostly closed. There's a hole
particular shot right there, but that whole area would be closed and it could then be sw
down and cleaned with some of the cleaning protocols that were mentioned earlier.

Thisisthe sort receptacle itself. It can be removed from the unit, an

ted to

n this

abbed

d then

al the individual pieces autoclaved as well. This is a piece of auminum, angdized

aluminum and that's polycarbonate.
Finally, one of the questions that's come up, what is the viability? &
on we suggested what are typica operating pressures for flow cytometers.
We, typicdly, run a 60 ps on a MoFo, roughly 100 kilohertz

frequency using the 70 micron nozzle.

Farlier

 drop

There have been various publications over the years. | think some gf the -

- here are some references. There are more. You're welcome to come to our websit]
have a new link, which is a reference link that shows al the reference publicatior
include MoFlo's and so there may be more information of interest to this audience.
Some work has been done, of course, on the viability of sperm
mainly in cattle and bovine sperm. But there's aso been, obvioudy, some work d
humans as well.
So | would suggest that there's some evidence that the viability ig

even in high-pressure systems, but | think there's alot more work to be done there as w
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Finally, | thought I'd give a reference list of some of the customers that

are doing this type of clinical research sorting. Some of those folks are in the audi
noticed, and that'sredlly it. Can | answer any questions?

MR. CRAM: I'm impressed with what you're doing. Scott Cram wi
Alamos. With that sort of a system, are any of your customers either using it agents
are biosafety level four and if so, how are they using it and what context? Do they mo
whole instrument into aBSL4?

MR. OTTENBERG: That's been the mode to date. Most peoplé

ence, |

h Los

which

ve the

> have

moved it into a BL3. I'm not aware of anyone in a BL4, but there may be one exception to

that in Europe.

A lot of the initiad design concepts realy came from the European

community. They had made alot of requests of us to do lots of these things and that w
genesis of alot of these projects.
I'm not aware of the various kinds of organisms that they're working on.

MR. OTTENBERG: If anyone's planning to put in a BSL4
interested in hearing from them and how they plan to manage things.

MR. CRAM: Yes, | would too.

MR. OTTENBERG: Thank you.

MR. CODER: Dave Coder, again. You had mentioned one
mechanisms for monitoring contamination, a potential lock out system. Is that som

that you've implemented yet? And | was curious how you decided one, what the thr
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was going to be, and then how are you actually doing the monitoring -- what that thr
for contamination is?

MR. OTTENBERG: Waéll, there hasn't been monitoring done as
identifying the contamination specifically. That could be done and, again, that coul
into a feedback system that could then generate some automated sequences.

So to date we haven't done anything. It is worth mentioning. | t3
little bit about the Sort Master droplet control system. One of the thingsit allows us t
takes, basically, an image of the droplets as they're being formed.

And we found that to be a very useful feedback mechanism to i
some of these cleaning cyclesor at least warning cycles.

Since the -- it'safairly senditive device. It's, basicaly, taking an im
the droplets and we can detect even the dightest deviation of the stream.

The typical failure mode on these instrumentsis, of course, to get a
clog, which deflects that stream dightly and causes aerosols.

One of the things that we've done is that that Sort Master monitor g
is useful for doing that. If we see a large deviation from the stream, it then initiates
down sequence, which we've designed but not implemented yet, is to use the cloning

and actually have the sort receptacles on the cloning motor.

eshold
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So if the stream is deflected and some failure mode occurred, it actually

pulls the sample of the way to prevent contamination of the sample.
And that was, | think, shown here recently at a trade show and, aga

have yet to field it, but | think it's quite useful.
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MR. CODER: And one more aso.
MR. OTTENBERG: Yes.
MR. CODER: You had mentioned the formaldehyde was one \

doing a complete volume sterilization and activated carbon to scavenge that. Is the

vas of

re any

research known about what the residulations will be as far as the effects on physiology?

Because the integrity of the product is going to be one of the major issues.

Because it's, well, as Bob just pointed out, it's easy to kill everyth
there, but you want to make sure that what you get out after the fact is, in fact, vig
physiologicaly functional.

MR. OTTENBERG: With a question like that I'm going to defer
fact that thisisreally a-- the group that helped us design this is an engineering group
England, and they are professionas at fume hood and making fume hoods. That'
game.

And we weve -- alot of the references for what we're doing, | thir
can go to fume hood manufacturers and get similar types of data for what -- for the t;
thing you have.

MR. CODER: Thanks, Matt. And so the last manufacturer talk V
done by Ger van den Engh. His name has been bandied about here several times duri
day. And well -- well, without giving his entire history, Ger was a Los Alan
devel oping the high speed sorter there.

He eventually came out to the University of Washington where | w

then just recently, is now at the Institute for Systems Biology.
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But more importantly, he's been setting up doing his own custon
cell sorters under the company name now of Cytopeiain Sedttle.

And in contrast, al the high-tech presentations we've had before, I
have overheads.

MR. van den ENGH: Can everybody hear me? So cel sortg
extremely useful tools. | don't need to elaborate on them, but despite all our engin
efforts, they're till very unwieldy pieces of equipment.

They're emperamental, they have large lasers attached to them. T
water streaming at bath temperature. [lluminated, but strong light. That's not going
sterile for very long. Whatever precaution you take, there are lots of components gené
heat, upsetting air circulation.

There are electronic components with fans that may blow dudl
strange environments and deposited in your work environment.

And, obvioudy, these are pieces of equipment that have no bu
being in aGMP facility if you can avoid it.

So my efforts for the last five or Six years or so have been to redes
cell sorter so that we can distribute it over separate rooms. We can take al the equi
that is generating a nuisance for the GMP worker and put it on one room, and then onl
the business end of the machine, only those parts that are absolutely essential for the g
process itself, for the cell purification process, and only place those components in the

cell processing laboratory.
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And this is what | want to present to you today, how we have

some of the engineer problems and some of the plans that are now on the drawing boar

0l ved

d.

Now to put this in the appropriate context, | have recently joingd the

Ingtitute for Systems Biology, an institute that's been started by five renegade profess

the University of Washington who, under the leadership of Lee Hood, have star

30rs of

ed an

academic, non-profit ingtitution particularly with the purpose of trying to speed up the

transfer to technology from the research lab to the users.
We are now in a society where biotech highly depends on technol og

the usua way of licensing to a manufacturer, and see what they do with it, and then

)y and

come

back to you, ten, 15 yearslater. Obvioudy, it doesn't work anymore. Well need to

transfer whatever we're doing in the labs very fast to the labs of our colleagues, and f
we need some industrial quality production unit or manufacturing capability, and that
we founded Cytopeiain Sesttle, which you could describe as an instrumentation boutig

We do not want to be a mass producer of standard instruments. We
to identify challenging applications of flow cytometry, such as GMP use and develo
people who redlly critically depend on thistechnology, a better way of doing it.

Thisis sort of aconsortium. Cytomation has chipped in and isa par
the Cytopeia establishment and a lot of the intellectual property that you are usin
comes from the University of Washington.

Here are some of the things that we're doing. | am particularly inte

or that
S why
jue.

dlike

D with

tner in

g ill

yested

in sorting in the GMP facilities. Have some experience that realy focused me on how
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difficult it is. In the early days of the gene project, we used to sterilize our equipment
much the way you heard before, with ethanol or with bleach.

We would grow bacteria, or a set of cultures, find no signs of life,
soon as you make a live read, you find lots of clones that contain bacterid DNA
obvioudy, there's a huge difference between something being sterile and something

absolutely clean.

pretty

but as
And,

being

And cell sorters are a nightmare. There are lots of nooks and crannies in

the tubing that are, basically, uncleanable. Thin tubing cannot be cleaned. There's tog much

surface area, there'stoo little flow to clean tubing efficiently.

The second experience that I've had was with Systemics, a company that

did over 200 bone marrow transplantation. With high speed sorting | helped them
seven MoF o-type cell sortersin that process.

They had very good results, good takes, good survivability. As f
know, some of that information is still proprietary. But the effort that
involved, wrapping an ordinary MoFlo in plastic and running it in special rooms was
heroic.

And it's quite obvious that taking existing experiments that were
designed for GMP use in mind, and use them in alaboratory in aresponsible way, is
large effort that it's not going to work and most of us will not be able to do it. We
differently designed cell sortersin order to make it work for GMP.

So what is so gpecia about GMP sorting.  If we were to dedi

instrument from scratch, what are the things we would think about?
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Of course, there's a safety issue. We want to do it $ that whoeve
the instrument is protected and also, there should be absolute sterility and clean
Whatever we put in should come out without any additions, either they aive or dead.

Then we need to redlly concentrate on ease of operation. We all
that the current instruments that we have are individuals. Y ou heard the story this morr]

Joe can redly keep the cell sorter in Los Alamos running, b

everybody can. Only the operator who is married to a particular machine knows

corner to kick when the machine is not running, which wire to jiggle, where the rubber

needs to be replaced.

That needs to get out of the picture before you have clinica o
You're dealing with a community of people who could not care less about the techn
They want the cells. The technology should be invisible to them. That means we h
automate it and we have to make the operation of the instrument totally transparent.

That means we have to have converging alignment procedures. W
to have procedures that tell you if you turn knob A until a certain condition is met, tf
you knob B, then you know the machine is properly aligned and you do not need the ¢
eye of Joe who sayswell, maybe you should tap it alittle more and then it'sreally opti

Y ou have to have standardized procedures that tell you when the m

is running properly and when not.

¥ runs

iness.

know
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ut not
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Of course, that isalink to quaity insurance and also you need, whenever

you do something, experts that agree on what the criteriaare. Y ou need to be ableto @
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a second and third opinion and, in a perfect world, those opinions would all agre
yours. They should be objective criteriathat those opinions should be base

Thisinvolves probably remote monitoring. The world expertsin thi
are not that plentiful and it will beideal if an instrument that was running about which
guestions arose you could in due time access the manufacturer, ask them what they

about the experiment that's going on. They should have access to al the data and tk

2 with

) on.

s field

some

think

nen be

ableto tell you thisisright, or maybe you should stop, or maybe you should replace stuiff.

We need increased rdiability. We need to do much better than
now. Again, that's basicaly an engineer problem. The biologists would not be interes
that.

And so rdiability will involve redundancy. There are a lot of ¢
components in the cell sorters that maybe we could have in multiple elements so thg
element is failing or is suspect, we could put it to dleep. Thisis particularly easy to d
electronic server boards, and then maybe wake up aboard that isin a standby mode ar
it into action, and deal with technical failures that does not total block or hind
experiment.

And findly -- and in this mode, remote monitoring is very importan
diagnosis of the cause of the problem should be done by experts and, idedly,
manufacturer or at some control center that is specialized in these things.

And finally, of course, we need an enormous amount of documen
as you dready heard this morning, that's really in clean procedures, spells out wh

machine should do, how it should perform and how you should behave.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

we do

sted in

ritical
tif an
D with
d kick

or the

[. This

a the

tation,

at the




77

Now the instrument that I've designed lately is caled the Influ
shown here as naked aluminum shell, black anodized aluminum. It doesn't photograp;
well.

But thisisavery small instrument on a two by two foot footprint. A
electronics that need to be operated by the operator are here under this plateau.

And then we have a cavity that is totally enclosed, which the ce
collected. There's a separate motor and dides that can bring the sample collection to
out automatically, and then all the steering optics and the sample are placed on top.

Here's atop view of the instrument. Thisis the area that works, whe

cells are being sorted, where the live path are brought in and collected.

X. It's

h very

All the

Is are

thin it

ye the

This is the detector ray. It is strapped onto the back of the instryment.

Y ou can have up to 11 or 12 detectors and in the smallest version, a small laser woulg
the same footprint and you have a self-contained cell sorter.

Now one of the nice properties of this instrument is that there's one
to which al live path go to. So we can isolate this instrument, the business end
instrument, from all the supporting hardware by a glass window or a plexiglass windd
separates two rooms.

And to illustrate that | have this picture, where you see the Influx

fit on

plane

of the

w that

sorter

encased in a plexiglass housing that one could characterize as a containment and right here

isanice, clean partition that could actually be the partition between two rooms.
This instrument is now being produced as a small laboratory instr

that you can place on your lab bench for high-speed sorting. It's quite a bit more co
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than the current generation. This was the officia introduction at ISAC last year that \
in association with Cytomation.

And what | want to show here is that this is the actual influx sorter
the covers, but al the support electronics is highly flexible. You can rearrange it, yq
put it in any configuration that you want, so that it suits your needs.

So how are we going to adapt this instrument to GMP sorting?
already told you this instrument lends itself to be operated across a partition betwed
rooms.

We are going to separate, or we are separating the cell separation
from the modules that require technical service.

Now this is maybe even more of an advantage than you now r
because it means that the people are comfortable with the technical stuff, with the
with the computers, with the electronics, can stay outside of your GMP environment.

They can wear their street clothes. You don't have to have this rare
of atechnician that you can train him in both the aspects of technology and cell process

There's two spheres. We have the cell tech lab where the cell techr
take care of the cdls, and we have the technica environment where the service guy

Coherent, or from the computer manufacturer, can come in in his street clothes, doe

ve did

still in

DU can

I've

N two

nodule

ealize,

|asers,

breed

5ng.

icians
from

SN't to

put on a bunny suit, can do his repairs and get out of the way. We aso do not need to shut

down the GMP facility whenever there's a problem with the laser.
Secondly, what were doing is that al parts that are contacted to

must be replaceable. And we don't mean a quick exchange or replacement of part. B
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have designed a disposable nozzle with all tubing externa to the instrument. No
should go through holes.

You should not have to splice things through little orifices, but
tubing is external. The whole units, sheath, tubing, valves, nozzle is one piece that
manufactured at a reasonably low cost and can be replaced within one or two minutes.

And then the instrument has the terministic alignment procedures.
are processesthat say if you do this, this, and this these are the diagnostic criteria. I

the case, the machine is optimally aligned. Alignment, drift detection -- there's w

tubing

Al the

can be

There
that's

gys of

detecting whether the machine is going out of operating range long before the operatgr sees

it.
We make sure that we have a quick turnaround time. If it is down,

be quickly fixed and up and running again, and then finally, we have a primar|

it can

y and

secondary containment area and we're installing remote monitoring operations for quality

assurance procedures.

Very quickly | want to show you afew aspects. Thiswould be the s
GMP sorter. We have the lasers, computers, €ectronics, detectors in a machine room.
is a plexiglass shield separating the two rooms, and only the machine that has a p
containment unit is dtting insde the secondary containment box, and some ¢
electronics that are needed for diagnostic purposes are duplicated in the GMP fecility.

But operators in both rooms can take hold of the instrument, aign
diagnose what's going on, and the two rooms can easily communicate because thej

plexiglass partition.
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This is the disposable nozzle. A very smple unit. The parts that
contact with the liquids are straight -- either plastic tubing or stainless stedl tubes. Thé
no cavities, complicated aress. It's all one straight shot from the sheet tank to the nozzl

In our case we add the acoustic vibrations that generate the droy
separate vibrating body that horn shaped. This ring here is the vibrating element a
acoustic rays dribble down the plastic body and then are transmitted to the liquid here
tip.

We do not have the problem with the nozzles that some of the ag
baths go through the liquid where it might be disturbed by air bubbles or that reg
construction of the nozzle that give undesirable quantity. Cavities -- thisis a straight
and the parts that need to be replaced can be made for pennies, except for thetip.

In this case, when you have a nozzle clog, you do not unclog the
You do not take off the tip, but you basicaly pop in a new nozzle. The nozzle Sits
indexable shoe that aways comes back in exactly the same position that you took it ou

Ther€'s video diagnosis. This -- when you seen this picture, here \
the threein holes. Thisisthe jets. The edges are nice and sharp. We see that the partig

nicely through the center of the beam.

arein
¥e are
e tip.
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We see that the laser is nicely aligned with the center pin hole. When you

see this, the aignment of the instrument is optimal. There's no way to get it better. X
go home now. Any technician, anybody can look at this, get a video screen and kno

the machineis optimally aligned.
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| teach people who come in my lab in five minutes how to align th
cytometer and it will be right on the money every time if they just look at this image.

We're now adding piezo feedback elements. We have the laser &
optics on piezo elements so we can with a voltage control the position of the exa
beams. In this case we are scanning the laser beam through the jets using a piezo volta

You'll see that, of course, the particles that go through the stream, the flore
goes up as we -- as we have the particles better focused in our laser beam, and the
down again as we screen out.

If we would only inspect this area here where the signals are flat, g
would vibrate the mirror a little bit in this position, and you do a regression analysis
particles that combine, you find a nice horizonta line.

But as soon as you start falling off that optimum, you'll see the regr
anaysis of your intensity will be away from horizontal and the direction of the Sopew
you in which way to correct your mirrors. So this way you can dynamical
doing astatistical analysis of your points, keep your instrument properly aligned.

And this mode of detecting instrument aignment can tell yo
something is going out of whack long before you would actually notice it as a
operator.

What then would happen is that the instrument -- so the instrument

can put the instrument in approximate alignment. A feedback loop will then lock

b flow
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optimal alignment al the time and will let you know when it's getting out of comfortable
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control range, shut down the machine, move out the sample, and tell you to take cor
actions.

So that then is the influx machine. It has its own internal cavity
lined in stainless steel. Has a UV light to sterilize the cavity overnight when you
running. Stainless steel deflection plates that can be opened -- to sterile tape for sorts.

The nozzle here, the disposal nozzle is in a closed cavity. All the

ective

that's

re not

cavity

apertures are sealing with quartz or with rubber o-rings and sealed off so there's absolutely

no way -- or there's very little possibility for either particles to enter the sort areg
escape fromit.

There's aplexiglass door closing off the primary containment and th
whole unit is gitting inside a secondary container that can be pressurized accord
optimal needs.

Very quickly, | would like to point out a few projects that are goi
now, because it's not a finished product. We are developing these facilities in
association with researchers and with FDA and biosafety consultants.

WEe're on the verge, but we have been on the verge for severa years
of starting to build two parallel sorters for the new gene therapy lab in Sesttle.

Of course, the reason why it takes so long is because we realy W
make sure that all precautions and all measures are taken correctly.

I'm working with Amsterdam Academic Medica Center to build

paralel sortersfor their GMP laboratory. Thisisthe layout of the Amsterdam group.
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We have -- | apologize. It's in Dutch. This is the machine room. Some of

you may have -- where there's an optical table that penetrates the separation between t
separation lab and the machine room.
There's a hermetic rubber seal that seals the optical table in thig

Down here you have al the technological connections.

e cell

wall.

If you look from the cell processing lab, the unit looks like this. Thisisa

simple eight feet optical bench that has three influx sort heads and attached to the wi
has computer monitors and other electronic devices that can be monitored by the ops
in this room.

The idea is that two of these instruments will be working in parall
the third instrument would be in a standby mode so that when there's a critica fail
you're operating while there's a surge, a unit then can be kicked into action and cal

over.

hdows

yrators

A and
ure, if

n take

The sorting process, | have some pictures, not very high quality, but they

do give agood idea of what's going on.

This is the -- here you see the back of the machine room, the

dlow

lights. This is under congtruction. This is the dot that optical table comes through. It's

supported by three levels here.
And here you see the blueprints of the influx sorter in red life to

that the part that is actually in the processing lab is very, very small. And sinceit's en

show

closed

in a secondary containment really not, it doesn't affect air flows or is not a real danger for

the environment in the GMP fecility.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




This is me in bunny suit in the cel lab. This is the cell prog
laboratory here. The yellow light, again, is the machine room. If you look very cal
you'll see two €electricians with their nose pressed against the glass looking at what's
on.

And then here we have a -- what we use to process the cells. An
next door are virtual manipulation rooms where the cells can be either -- before o
sorting be properly prepared or processed.

We've aso started discussion with the MD Anderson Hospital. The

the blueprints that | received a few weeks ago where they are planning a smilar fac

£ssing
refully

going

d then

r after

ISe are

lity in

their cell processing lab where there is a clean facility that can only be entered with the

proper procedures and training.

There, again, are three sort heads in the cell sorter room. But the
laser or a machine room that can be entered in street clothes by people who do not r
specia training.

And are very excited that there are now severa facilities, both Uni
of Washington and MD Anderson, and perhaps others, that redly take this issue of
sorting serioudly.

| do not think it's the proper approach to say okay, weve got a ma
We've got to use it. How do we wrap it up for GMP use? You realy should be look

these machines with new eyes.
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We know what they can do. We heard aready this morning earlis
we redly should involve GMP use at the design process of the instruments. That's
we'retrying to do.

What we're building is not the ideal instrument, it's not the
instrument, but at least we're looking at it from the point of view of the GMP user and
make these things as safe and as practical as possible. And | thank you very much fo
attention.

DR. GEE: Can | ask aquestion? Baylor College of Medicine. It
to me that the next logica extenson to what you're doing is you have the |l
containment in the GMP facility that you may not even need afull GMP fecility to ha
sort heads in by just increasing the level of containment. Is that going to be poss
putting these in some kind of a HEPA filtered cross 1007

MR. van den EGNH: | would assumeit's possible, but I'll leave thal
the people who can judge what containment level is needed. I'm the insolent guy. We
makeit assolid and as --

DR. GEE: It'svery impressive.

MR. van den ENGH: It's easier for the regulators to make a stey
rather than to -- for the routine manufacturers to make a step forward. So, yes, of cours
can dways relax safety conditions, onesthat are very, very stringent.

AUDIENCE MEMBER: (lnaudible, speaking from an un

location.)
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MR. CODER: Could you use the microphone, please, and intfoduce

yourself so we get a -- we're doing a transcription of this, so we need to have an accurate

record.
MR. MOSTOWSKI: Howard Mostowski, FDA, CBER. | was inte
in what size tube are you collecting in?
MR. van den ENGH: Well, | have not decided on wh;
to collectitin. Again, | would like to discuss that with the people who do the experime
As you are aware, none of the applications have redly crystalize
There's till -- we know we're going to use cell sorters in GMP facilities. What the
applications are going to be we don't know.
The most convenient method of collection will depend on what
going to do with the cells afterwards. But the collection mode is, | believe, fairly

We could adapt thisinstrument to any --

rested

ot tube
nt.
d yet.

actud

we're

rivial.

MR. MOSTOWSKI: Wadl, that's not true, neither. Because | do the

sorting where | am and | use a dow machine and | have to sort for severa hours. A
wider the orifice, the more danger itis.

Also, the distance from the actual droplet to the tube itsdf, is that
considered?

MR. van den ENGH: Unfortunately, high-speed sorting means yol

nd the

being

I have

work with high velocities and you need a certain minimum path link to deflect the drops out.

Y ou can only but 60 or 70 voltsin adrop. If you put more on theexplode. So you 1

path link just to get afew millimeters of deflection. But the way at least
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engineered it in this machine is that we have stainless steel deflection plates that are cq
with sterile tape and they are as much as possible encapsulating the sort stream 9
there's aslittle possibility of air exchange with the environment as possible.

But | do agree that thisis the Achilles heel of the whole process. W
about six inches of path there and could pick up al sorts of contaminants.

MR. MOSTOWSKI: Thank you.

DR. MARTI: | really appreciated your presentation of this desk tog
speed sorter in an upcoming issue of "Seminars in Hematology,” one in that ¢
mentions that very soon we will see such adevice, and it's amazing that it's come so qu

MR. van den ENGH: Whiletheink isdry.

DR. MARTI: Yes, theink is-- I'm not even sure it's published yé
have you tried in terms of the so-called ISAC guidelines in testing this environment
the sort housing?

MR. van den ENGH: No, I've not.

DR. MARTI: It seemsto me from the previous speaker that just pu
door, having a door on that sort areais that first step, that aerosols reduce significantl
that.

And then everything else that youve added, of course, are n
improvements. The fact that the whole thing can probably be sterilized.

We are alittle bit concerned about the testing of the droplets, in tef

interjected phage into that system. We think more like what Scott was talking about ¢
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microbeads that can be sterilized probably would be looked upon a little more fava

Anyway, I'm very impressed with your system.

rably.

MR. van den ENGH: The system definitely has not been run through any

validation procedures and we need to that with the users and whoever is interested. I'
pleased about this meeting, because I've been wanting this meeting for along time.
very, very productive.

DR. KEANE-MOORE: Hi. Michele Keane-Moore. Two quick que;
Oneis could you tell me what the upper particle size limit is currently for your system?

MR. van den ENGH: There's no limit sze. We could make

footballs, but the machine would look a little different. We build cells sorters with the

1.2 millimeters sorting 300 microparticles. But your frequency goes down a lot
impervioudly relates to sort speed.

DR. KEANE-MOORE: And the second question is how
parameters can you sort on?

MR. van den ENGH: Up to -- in the current version, up to 32 pararn
We could makeit 64, but it would be half as slow, or half asfast, twice as sow.

MR. LAMB: Larry Lamb, South Carolina Cancer Center. You td
on something that -- I'm going to direct this question on something you said but &
Dave, if he'slike to comment aswell.

Y ou showed us three sorters lined up in your facility in Amsterdam
one of the things that has been a concern of mine is that you can have a lot of be

equipment, but if you're in the middle of trying to separate cells for a patient that
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going to have a procedure scheduled for the same day, and your sorter goes down, then that

equipment is functionally worthless to the individual who is supposed to be benefiting from

it.
I'd like to have just a couple of comments with regard to A, what
requirements should we have for keeping this system operating?

Should we have two sorters, or three, perhaps, or should we h

sort of

ave a

factory-trained technologist on site. This sort of thing is practicaly very important

for those of uswho look at doing thisin redl life.

MR. van den ENGH: Yes. There should be an -- of risk analys
should know what the chances of failure are. Those should be reduced.

The three sorters are based on the Systemics experiments. Systemi
three machines in different groups, had one in the standby mode and was operating
the patients, so that even at an enormous calamity where two systems would go down

always was one system, at least, that could be used to finish the sort.

s. We

CS ran

[00 ONn

there

So that's what were going on. But right now, we do not haye the

numbers, we do not know how often these machinesfail. The information we have from the

research lab is anecdotal. We know they break, but not how often. When we have
you can really make rational decisions. Did you want to --

MR. CODER: You addressed it reasonably well, you do have tq
some idea of the standard measure of what's the mean time between failure of v

components on it.
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And somebody actually does that work and people who operate them, you

get a sense of what it is. But | think the important thing that you're addressing is

you're doing therapeutic procedures and you're trying to schedule patients, you have t

thet if

D have

one, the assurance that you can that, and then also from the standpoint of prepping the

instrument and giving the requirements of making sure that it meets the criteria as
sterilization goes that you can now bring in the next patient's sample.

That particular time segment is going to be very important in tef
how you schedule. That's one of the critical issues that we'll need to address as well.

| just wanted to point out, we sort of schedule this and we're surpris
exactly on schedule. We've tried to leave the remaining time this morning for que
And so we till have amost al of the speakers who were here this morning here.

So any questions that pop up in your mind, now would be a good t
address them. And in that context, I've got three questions here.

A couple of trivia things, but -- well, | guess well go to the trivig
and then go to the more philosophical ones.

Y ou had mentioned UV sterilization for one way of cleaning up the
of the sorting cavity itself.

Now | know that it's very commonly used, but as a directiona sour
going to have shadows inside. And shadows, as far as UV, is not going to reach
though it scatters considerably, is there anything known about the efficiency of that, in
of various parts that are going to be shattered insde the instrument cavity that might

microorganisms.
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MR. van den ENGH: Waéll, thisis the nice thing about the closed ¢
that it's al lined in stainless stedl, which is high reflective. And, actualy, the lin
designed such that it reflectsinto the hidden areas as well.

So we redly scramble the lights. The tray is stainless sted and r¢

back up, so we try to maximize the eliminating of the light throughout the whole cavity.

| only see it as an extra safety precaution. We cannot use -- rely on
totally sterilize, but it's an extra step that comes in that is particularly appreciated by
people, because they redly liketo have UV light around in the cavity. But | do not see
afool proof way of sterilizing.

MR. CODER: I'm sure there's a considerable amount known. I'

avity,

ing is

=f| ects

UV to

PCR

it was

n sure

Bob could tell us that about the wave length of UV light, the amount of energy required,

duration and so on and so forth.

MR. van den ENGH: Wédll, thisisal UV that -- what is it -- the
that work at the maximum absorption of DNA. It's highly effective in destroying D
don't know how effectiveit isin actualy killing everything.

MR. SAUSVILLE: | think we normally see ten to the third log red
with UV or not much more than that, but whatever -- if you were using it as a sterili
procedure, that would need to validated.

So all thelittle nooks and crannies, if there were any or have organi
well, I mean you want to demonstrate that you can kill them in all the little aress.

MR. CODER: Waéll, adong those lines, instead of directional rac

methods has 0zone, in fact, been used -- because that would be arelatively easy way.
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| read a couple of -- | think there's a company in Palo Alto that's setting

up, and if you have very dry air, you smply discharge -- run adischarge through it, it greates

ozone and the available oxygen in the air. And ozoneisareally good --

MR. van den ENGH: Waéll, ozone is actually a very -- a byproduct of

these lamps.
MR. CODER: Producing ozone aswell.

MR. van den ENGH: Yes.

MR. SAUSVILLE: We haven't' seen too much ozone for a room, this

being avery small room, sterilization. But there have been some reports of it, but we haven't

seen any in the applications yet.

MR. CODER: And so there's been no vaidation of ozone as a method

for sterilization that you know of.

MR. SAUSVILLE: The only ozone usage that we've seen is in
systems where they actualy put ozone into the water system.

MR. van den ENGH: The lamps are cheap. They're 30 bucks &

three locks for free, basically. When you can put onein, put onit.

water

nd it's

MR. CODER: Okay. The other trivial question | had was an the

plexiglass partition between the two rooms.
Now if you're running a laser through there, are you going to have
transmissible window as part of that?

MR. van den ENGH: A littlewindow in there.
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MR. CODER: Yes Plexiglass would be very good for getting
UVB. So the more philosophical thing, one of your criteriayou listed at the start was|
absolute sterility as far as clinical sorting goes. Now you really don't mean absol ute st
do you?

MR. van den ENGH: | mean -- you're correcting me already. It's &
Is that what you mean?

MR. CODER: Wéll, aseptic -- what is the -- well, there are criter
for particulatesin air that you can have one colony forming unit for like ten cubic feet
as an acceptable for | forget which level classfication that is.

But there are definable criteria. And that's the thing that we really h
be moving towards. How many bugs can we tolerate per unit, whatever volume, mass
et ceterathat will be acceptable criteria as far as "definition” of aseptic operation.

So, again, it's the whole-risk based thing again. There are no abg
But if we define what the baseline criteria are and we can demonstrate that success
then we're basically done.

MR. van den ENGH: Wédll, it hasto be pretty high. If you do 200 p
ayear, none of these should be contaminated.

MR. CODER: Yes.

your

naving

ility,

septic.

alike

of air

ave to

time,

plutes.

Hvely,

atients

MR. van den ENGH: Even if you do it for a century, none of them

should be contaminated. So it may not be absolute, but it will be pretty darn close.

MR. CODER: Anyone else?
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MR. MOSTOWSKI: Thisis dong the lines of trivia. I'm alittle biased

here, too. In the norma population, left handed people are few. In the science ang

community, the percentage goes up vastly.

I'm left handed, so I'm going to be alittle biased. And | find myself
alittle bit clumsy and it'salittle bit harder for me to get around, because of the machin
designed for right handed people.

MR. van den ENGH: Wadl, you'll be relieved to know that I'
handed.

MR. MOSTOWSKI: WEell, most of the science community is.

MR. van den ENGH: And I'm trying to please the right handed pec
the audience.

math

being

ES are

m left

pplein

MR. CODER: Does that mean one of the instruments requirements then

isthe operator has to be right handed?
MR. SAUSVILLE: I'd like to speak to that just briefly. | mean g
what I've seen in the last two speakers reminds me of barrier isolator technology that \
for filling operations.
And in the design of the barrier isolator, quite frequently, ergonon
brought to bear, because they knew who's going to be operating the isolator. If it's
people and how they need to place the rubber gloves and things like that.
So | mean | can see that you're custom building the machines anyv

you know who the operators are going to be, you can custom build it for them.
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MR. van den ENGH: Right. There's the advantage. You have a part that
you know is going to be operated by the cell tech with rubber gloves on and you're gaing to
tailor the machine to that operation. And you don't need to worry about all of the other stuff
people are wearing their street clothes.

MR. CODER: Anyone else? No. | think were reasonably on schedule.
So at this point then we have the hour break for lunch, and lunch will be served right|out in
the entrance to the room. And if we could have everyone back here by 1 o'clock, we|could
then start out the afternoon session.

I'd like to thank al the speakers this morning. It was avery good start out.
Thanks.

(Lunch break from 1155 until 1:02.)
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A-F-T-E-R-N-O-O-N SE-S-SI-O-N
1:02 p.m.

DR. MARTI: Before introducing the sesson chairperson fo
afternoon, | too would once again like to thank the manufacturers for sponsoring the
break and the lunch. That's really appreciated very much.

This afternoon, Michele Keane-Moore is going to chair this sessig
she is the other collaborator, co-organizer for this meeting. Michele got her Ph
immunology and infectious disease at Johns Hopkins University in 1994 and und
post-doctoral training in DNA vaccines in the divison of rheumatology, departm

medicine -- school of medicine at John Hopkins.

r this

coffee

n and

D. in

ertook

ent of

And then she spent a brief time in the manufacturing world, private

enterprise at Osiris Therapeutics, working with mesenchymal stem cells.
And she comes to the FDA after a faculty appointment in the Depal
of Environmenta Health and Science a John Hopkins School of Hedth -- Sch
Hygiene and Public Hedlth. Michele.
DR. KEANE-MOORE: Thank you, Gerry. Good afternoon. | just
few remarks, as this afternoon's session gets underway. And | wanted to say how del

we are to see so many people here from the flow community to participate today

tment

pol of

have a

ghted

n this

discussion, what will be an ongoing process to develop these voluntary -- a voluntary

protocol for cleaning and sterilization, and to address other safety issues we move fg

into sort of a new developing world of clinical flow cytometry.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

rward




97

It seems like at this point, alot of people are sort of poised on the qusp of

starting a clinical flow program or are thinking about it.

We have heard this morning from different -- from our manufacturers that

there are many different ways of approaching these areas of safety and sterility.

And | think that that is something that we will have to deal with ¢on our

end, which is that different people are going to have different approaches. One size
going to fit all.

And we are going to try to be receptive to that on our end, and to
work with people.

| would encourage you al to contribute this afternoon. As
mentioned, we have put together a working group. However, al of you should see th

as an opportunity to enter into the dialog at this point.

is not

try to

Dave

saso

The first useful tool that we will have are the transcript from this meeting.

When people come to us now and say we want to do clinical flow, we will first refer them to

the transcripts from this meeting.
So please if you have -- alot of you have experience. A lot of yol

been out there doing flow cytometry for many, many years. People have been flowin

I have

y cells

and flowing gametes. A lot of you have thought about these issues of sterility, of cdl quality

coming off of the machine. We need to hear what your experienceis.
The focus of this afternoon's session is to basically hear from our ¢
flow pioneers who are out there as we speak braving our regulatory hurdles to use fl

readministration to people.
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And they're the ones who we will be hearing from, but we also w

hear from all of you who have something to add in this discussion.

ant to

So without further delay, because we have many speakers to go through

this afternoon, let me introduce this afternoon's first speaker.

And | would just encourage, because we do have atape schedule, |

would

encourage people to try to stay within their time frame as much as possible, as a courtesy to

the other speakers, and aso to everyone who's gathered here today. Thank you.
Our first speaker this afternoon is Dr. Frits van Rhea from the Uni
of Arkansas Medica Center. And he will be speaking on just basically safety of cell

for flow cytometry.

ersity

orting

MR. van RHEA: Thank you, Dr. Keane. First of dl, I'd like to thamk you

for inviting me to speak at this meeting. My presentation today will focus on the appli
of cell sorting to the generation of CMV-specific CTLson aclinical scae.

| will address aso the safety issues involved in the purification

cation

of the

cells and the culture system we've developed for making CMV-specific CTLs. | think you

can go to the second dide.
| should add that this work was done at the University of South Cg
in collaboration with Dr. Larry Lamb, who provided of the cell sorting expertise.
Now, when it comes to making CMV-specific CTLs, you could
essentially one of three approaches. You could first of al vaccinate a donor with
antigen, increase the number of CMV-specific cells in the blood and directly isolate ¢

specific cells and look at and infuse them to patients.
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One could also make large-scale bulk cultures with antigen pres
cells from the donor and low dose with CV antigen, add T-cells from the donor and ¢
until you think you've got enough antigen specificity.

Now the fina approach is to do arelatively small scale culture, an
culture until you've got antigen specificity and then by flow sorting isolate your ar
specific T-cells. Then you've got a relatively small number of T-cells and those ya
rapidly expand to aclinical scale.

And that's the way we chose, particularly because the bone m
transplant program in South Carolina focused on identical transplants and we wan
avoid alo-reactivity at al costs, because our experience was that even infusion of
numbers of alo-reactive cells after transplant could give rise to severe GVHD. Next
please.

This dide shows some of the methods for isolation of antigen-speci
cells. Theres, of course, the method of T-cell cloning, which is rather arduou
cumbersome, and not suitable as a clinical routine.

It should be said that the group of Phil Greenberg has provided
eloquent proof of principa that it's feasble to clone out CMV-specific T-cell
recongtitute CMV-specific immunity after transplant.

There are also some new developments. For instance, Miltenyi h
marked a cytokine capture reagent, which attaches to the cell and can capture, for ing

onto the gamma interferon.
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So you can stimulate your cell with CMV antigen and the cells \which

respond will release gamma interferon that gets captured by the cytokine capture reagent,

and then you can come in with a monoclonol antibody to gamma interferon and you can

flow sort out your antigen-specific T-cells that way, and you could go after your
population.

And then at the bottom of the dides there are, of course -- ther€'s
big -- there's been a big revolution in the identification of antigen-specific T-cells with
tetramers, and more recently dimers have been marketed. And I'll talk about that ir]
detail later on. Next dide, please.

Now the immune response to cytomegalovirus is rather unique i
most of the responseis directed at the Pp65 matrix protein.

And in the context of HLA-A0201, a certain peptide, 495 to 503
immunodominant peptide. So HLA-A0201 is quite frequent in the caucasian popul ati
if you go after peptides, then that's agood starting point.

When | worked here at NIH, we tried to make Pp65 protein and
quite instable. And for that reason we first started with the peptide while | was try
solve the instability of the Pp65 protein. Next dide, please.

Here is shown the binding of the CMV peptides to HLA-A0201
black line and you can see that it binds in a dose-dependent fashion. And control pe

here are peptides derived from protein. Next dide, please.
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So our ideawas to develop donor-drived CTLs from a single bloog
and culture them to clinical scale. We would use dendritic cells, both with the CMF ¢
and add CV A position T-cells from the donor.

Then we would isolate with HLA tetramers highly specific --
CMYV gpecific CTLs and then rapidly expand them to clinical scale. Next dlide, please,

When it comesto safety aspects, | think it's quite obvious that you n
use cytokines media and devices which are approved for clinica use and you need t¢
clinical grade antigen.

One might want to avoid fetal calf serum because it's immung
particularly for the culture of dendritic cells. There are a'so some possible safety g
involved with fetal calf serum.

One could think about the transmission of viral diseases. | think the
of Europe is very worried about Mad Cow Disease, so | don't know whether or not
live. Come over to the U.S.

Then you need to have a quality control and assurance program ir
and, of course, you need to meet the necessary regulatory guidelines. Next dide, pleass

So how did we start? We start with a large blood draw. We transf
the cells -- transformed to a small number of cells. We isolated B cells and we treateq
with CD14 ligand in order to regulate -- and accessory molecules.

Then we took CD14 cells and differentiated them into the dendritid
the DMCF4 and CD14 ligands. And from the CD14 negative fraction we isolateg

cells. Next dide, please.
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So we added to this -- we posted dendritic cells with the CMV peptide,

added the CD8 positive cells for the primary stimulation and used the CD14 ligand
being emphasized for restimulation.

Then we have the CMV-specific CTL line, which we stained with
0201 CMV peptide loaded tetramer, and we flow sorted and we were able to isol
antigen specific -- CMV-gpecific T-cells which were put into a rapid expansion prd
Next dide, please.

Now prior to flow sorting, we got very good specificity. In the top
on the left you can see killing of autologous PHA blasts, positive CMV peptides ang
cellswere very efficiently killed.

The control cells, both with peptide from the 7 protein, which aso
to HLA-0201 were not killed. Neither were natura killers, sensitive to the cell line K5

We &lso looked at CMV-infected cells, the MRC5 cell line, wh
permissive to CMV infection, and which is HLA-0201 positive and that cell line wa
killed and not infected cells were not killed.

Most -- correction. All our cellslineswere CDA positive and stain
larger -- to alesser or alarger degree with HLA-0201 CMV peptide loaded tetramer,
dide, please.

This will tell you a little bit of background about tetramers.
interaction between the T-cell receptor and the HLA molecule loaded with pept
characterized by high on and off rate. In other words, you cannot stain a specific T-cel

an HLA monomer.
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So Jonathan Altman in his Ingtitute of Molecular Medicine in Qxford

developed HLA tetramers. So he added to the apha chain of the amide sequenge one

molecule and Burr A recognition site. If you don't add the enzyme Burr A and biotin, your

HLA plus one molecule gets biotinylated.

By adding biotin macroglobulin, your peptide of choice which is gble to

bind with to HLA-0201, you can get a biotinylated HLA molecule.

Y ou can form tetramers by adding strephavidin in amode or ratio of four

to one. So there you have four HLA molecules linked together and to strephavidin y

aso bind a fluorochrome.

DU Can

So then you can get stable interactions with your T-cell and you can

visualize your T-cell which, of course, is incredibly powerful -- which is proven to
incredibly powerful technique for visuaizing T-cells. Next dide, please.

S0 here on this cartoon you can see HLA-0201 tetramers interactin
multiple T-cell receptors and providing a stable interaction. And you can double sta
CD8's and your tetramer and isolate very easily your antigen-specific population. Nex
please.

For flow sorting we used a MoFlo cell sorter from Cytomation.
heard alot about those this morning. | think it'simportant to point out that the cell sor
used principally had features related to steility to protect the operator.

But, as you heard this morning from Mr. Christian, there will be a fume hood design

the MoFlo cell sorter and there will be positive air pressure in the sorting chamber
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shoots it out to the protection of your sample, if you think about reinfusing material

patient.

to the

However, | should say that with the current version of the Cytomation

cell sorter, we actualy didn't encounter any problems with sterility, which perhaps pays

tribute to the skills of Dr. Larry Lamb and his staff in using the cell sorter. Next

please.

dide,

So here is an example of what we achieved with purifying CTL lings. On

the left hand panel, you have on the horizontal axis CD8 FITC, and on the vertical axisin

each panel HLA-0201 tetramer loaded with CMV peptide.

Pre-sdection. There is quite clearly in the lower right quadr

population which is not tetramer positive and which is not -- which does not label ar
specific T-cells.
After selection, you can get nearly 99 percent pure T-cell popu

Then we put our cells into a rapid expansion protocol and you retain antigen Speci

ant a

tigen-

ation.

ficity,

although there were still some cells cropping up which were, obvioudy, not staining with

the tetramers and that probably relies on the way we did our expansion procedure, wi

shown on the next dide.

So we took our CMV-specific T-cells which have been flow sorted.

nich is

We

co-incubated them with EBV transformed -- autologous EBV transformed cells loaded with

CMYV peptide and added a three pool of alogenic feeders.
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And that's the thing we possibly shouldn't have done because that may

have expanded some non-specific cells. Then we added IL-2 and a submatogenic
OPT-3 and we cultured for up to ten days. Next dide.

The cell -- the type of cell numbers we've got you can see in th
hand column. And we got between 48 and 92 million cells.

Now when you think about the cell numbers required for EBV-sped
EBV-lymphoma specific T-cell therapy, or at least prevention thereof, you require
order of oneto two times ten to the power of seven T-cells per liter squared. S
these numbersfall well inside that range.

So if you take EBV lymphoma as our example, then this number
be adequate. Next dide, please.

Now our expanded CTLs were CD8 pogtive. Interestingly, we ha(
which were triple positive for CD38 and 56, and that has been recently shown
associated with the ability of exerting a high degree of cytotoxicity, especialy CD
CD8 cdlls. Next dide, please.

Our cells were of memory phenotype. They were CD45 RL pg
They were activated -- that is, HLADR positive -- and as expected, they had non-reg
L-selectin. Next dide, please.

It was of interest to note that most of our cells were VLA4 positive.
positive for the apha 4, beta 4 interferon which has been associated with the abi

transgress endothelium.
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So athough we did not formally demonstrate this, this does suggest that

our cells should be ablein vivo to go into tissues. Next dide.

We also looked at the cytokine profile of our cells, and the cells we had

expanded were secreting gamma interferon -- in tumor that comes across as factor

pha --

and not interleukin-4. They were, therefore, clearly, of TH1 phenotype. Next dide. Qr TC1

phenotype, | should say. And the cells killed CMV-infected fibroblasts and not

non-infected fibroblasts.

So in conclusion -- next dide -- we think that we can make with def
cells plus CMV peptide, for patients who are HLA-0201 positive, CMV-specific
Then we can isolate, by flow sorting and staining with tetramers, a highly antigen-si
population.

And al of thisis done in a small-scale culture. And then we can 1
expand these cells to numbers which might be suitable for clinical immunotherapy
bone marrow transplant.

And | should aso point out that we did al of this by drawing
single blood draw from the donor. Thank you.

DR. KEANE-MOORE: Does anyone have any questions? If nol

don't we move onto our next speaker. Dr. Frank Mandy from Health Care Canada.

ndritic
CTLs.

necific

apidly

after a

with a

, why

MR. MANDY: Good afternoon. It's a pleasure to be here. Thank you

for inviting me. It'slovely to see the blossoms, tulips and cherry blossoms. We are at

month behind you in Canada.
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Asyou can see, | have along title because | have very little to say,

redlity is that my lab was designated as a national resource center six months ago, a
have probably the safest sorting facility in Canada. We sort fixed cells, and that's s4f
arein the process of revamping this and we will be sorting infectious cells.

S0 the perspective | have for you this afternoon is that if a hammer
only tool you have, that pretty well all challenges look like nails. I'm looking at it frg
perspective of running samples that come from HIV-infected individuals who may
opportunistic infections of any sort.

In addition to that, | would like to also suggest to you that the w:

The

nd we

e We

isthe

m the

have

orld is

changing. It looks very much like that within a year, perhaps less, we going to pay attention

to the southern hemisphere as well.

Drug trids and vaccine trials will start where the disease had
prevalence and frequency and some of these instrumentations, including the capacity
cells, will have to be set up in the southern hemisphere aswell.

So the guidelines that you're going to or we're going to put togeth
have ramifications perhaps globally. First dide, please.

So | would like to give alittle bit a historical background with res
the disease HIV and then perhaps a little bit about current applications and
requirements and then I'll conclude. Next dlide, please.

| think it was Howard Shapiro who coined this phrase that AIDS

killer application, and it's certainly helped to put alot of instruments around the world

market, most of them, of course, were instruments to analyze rather than to sort,

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

5 high

[0 sort

o will

pect to

future

is the
inthe

But,




108

nevertheless, flow cytometry mushroomed in a very short time because of the fear g
infection.

The clinical |aboratories, of course, moved aong and biosafety ruls
regulations were put into place, and formaldehyde has been the sort of safety netw
dealing with analyzing instruments because, of course, we have the luxury there to &
fix the cells. Next dide, please.

The potentias of where these instrumentation would have applical
HIV are listed here, and | don't think | will be spending much time because most
have expert in these areas and you don't need much information from me.

One -- the last bullet | have there. One interesting application {
creeping into the reality of my laboratory, is the organization | work for is som

between NIH and FDA and CDC.

f HIV

s and
ork in

lways

ionin

of you

hat is

ething

So we deal with a variety of issues. And one area that flow cytometry

may have some answers to question is can you do rapid screening, such as cytokines tl
undesirable by products when you process cells and could flow do that?

And we think that there's a good chance that one can set up a techr

nat are

10logy

based on bead solid- faced particles using beads as a way of doing multiple cytokings and

get the sengitivity levels low enough that contaminants could be picked up as a scré
tool for those organizations that are involved in checking on biological products. Next
please.

What | have in this dide and the following one is a recent report th

published, | think, aweek ago in Science.
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And, basicaly, a bunch of experience field workers looked

ot the

successes and the lack of success dealing with this epidemic in the -- primafily in

developing countries.

And the take home message from here as you go through the five g
that research applications and vaccine development are fourth and fifth, as the field &
seeit today.

And | think that the kind of initiatives that will be taken by a gr¢

reasis

DUp as

such may make that shift so that the application of sorting and the use of flow cytometry

will have a far more significant impact of dealing with infectious diseases in the 1
Next dide, please.

So as you can see, we would like to move the application fielg
fourth and fifth place higher up in the scale of things.

And | think that thisis sort of coming around in circle, since the in
did profit from the disease, now it would be nice that the industry took initiatiV
partnership with regulatory agencies and the researchers so that we would m
contribution where we can actualy arrest these epidemics. Next dide, please.

The whole idea is that in an infectious disease such as HIV, if y¢
manage the immune system that you are realy adding a type of medication to the s
that it will be part of the solution rather than just being monitoring the disease.

To that effect, | think that some of the assumptions that we have
the past must be revisited. The idea of looking at sodium chloride as an aerosol or a

kind of E. coli as aphage detector is now a stale concept.
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| heard today that we are talking about 40, 60, 100, the numbé
increasing a pressurized system. I'm hearing about the droplet frequency going from
and 75 megahertz.

These are phenomenal changes, and we either will put limits on ha

you can go and still provide safety, or the corollary that you put in double protection.

s for

20, 40

w fast

We heard today already that there are ways of putting an internal positive

pressure and external negative pressure barrier around the system.

If you have those systems, indeed you can check for the organisn
are suspect as contaminant. We, in HIV work, we are very much concerned about he
B and hepatitis C. These are highly infectious agents and they would be the things
would suggest to monitor in the inside of these instruments.

And then, findlly, there are two ways of looking at not just product §
but about the operator safety, is under normal operational conditions what kind of an &
you anticipate and under emergency breakdown.

What if 100 pounds per square inch pressure hose breaks? What &
safety features we can integrate into the system so to minimize the complications.

| think thisis my last dide. Want to check? No. Okay.

So the future requirements are basicaly how are we going to deg
the proposed concepts that you will be hearing today.

And we are redly interested in what ergonomics and <

environmental -- more environmenta ly-friendly solutions we can come up with.
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Obvioudy, if we are thinking of putting some of these instruments into

developing countries, recirculating water for water-cooled lasers would be a more pr

solution than trying to tap into their local water supply.

Aactical

And these are some of the practical problems that | thought of that

perhaps we should consider in looking at how the guidelines will shape up at the end

day. I'll stop here. Thank you.

DR. MARTI: What would be one of the uses, Frank, of the
monitoring the viral load, intercellularly, of sorted cells?

MR. MANDY': No. For the time being, the applications will ill h
do with fundamental research in vaccine, monitoring the efficacy of vaccines

It would be actudly quite similar to the presentation just before
looking at CD8 cytotoxic cell productivity. Are they more ferocious than they
vaccination and so on?

These will be the fundamenta proof of concept data that will be
will require once the vaccines are put into the field, addressing the grade of the virustt
are coping with in a particular population. And, of course, gene therapy and awhole
-- but many of those applications are not unique for HIV.

DR. MARTI: Thank you.

MR. CODER: Frank, Dave Coder, again. You're describing in

ways what is -- might be a specia case as far as human cell sorting goes for ¢

of the

-- for

ave to

mine,

were

- we

nat we

some

inical

applications. That is the patient where demonstrated infectious disease is aready present,
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would you expect and -- well, in the facility that you're dealing with, where yol
patients where the -- well, the immune status is will known and your infectious 0
statusis well characterized, that such stringent requirements are not going to be necess

MR. MANDY: Weéll, I'm dso aredist. | think it will -- well h

reach some sort of a compromise. One of the ideas that occurred to me is that since th

have

iSease

ary.

ave 1o

e kind

of recovery that you need, and the kind of frequency of a particular cell that you may have

in a system, you may aso put restrictions on the kind of pressure, high pressure that
going to use.

So that if you are working under general good laboratory practice
may recommend not to go beyond a certain pressure so that the aerosol could be con
and disinfected within areasonable length of time.

Whereas, if you're going to work with 100 pounds, it's totally unre
to think that you can make -- you know, spray acohol in the air and get rid of it,
pathogensin time.

So | think well have to look at what is realistic, and | think well h
collect some data. In fact, what kind of aerosol damage are we talking about when \
talking about hepatitis C?

Because that's a disease that is rapid among intravenous drug users.
not just a problem for the southern hemisphere. It'sareal problem in our mgjor cities.

MR. CODER: Asfar asthe, well, specific pathogen goes and trying

reasonable as far as requirements go, some knowledge about the mode of infection al
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expected minimal infected dose | think would also temper what the requirements wol

uld be,
asfar as conditions under sorting goes.

Because some pathogens -- well, the worse case scenario would be

Pastorella pestis or something, where a single organism can be infective, a variety of other

organisms that takes a fairly good dug and may not necessarily be an airborne mode of
pathogenesis.

And so under those conditions you wouldn't have to be nearly as stringent
asfar as gterilization conditions go.

MR. MANDY: Yes, | think you elegantly draw the attention to the

critical dose, that there are pathogens that probably would not cause any kind of |major
concern to the operator if they are only five part per million, or five part per liter of air
Whereas -- but we have to know that and we have to have data on that.

MR. CODER: Yes. Because, unfortunately, | think for a lot of these
things we don't have the data right now.

DR. KEANE-MOORE: Our next speaker is Dr. Elizabeth Read

, who
runs the NIH's Clinical Center for Cell Processing.
DR. READ: Good afternoon. I'm going low-tech today. | have the old
dides, not the Power Point on the computer. |sthere a pointer here?
I'm going to talk about our cell processing facility and this is actualy --
some of the dlides are from atalk | gave a a GMP and cell processing workshop thét was

sponsored by Ice Age.
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So when | put that talk together, the goal was to try to show the au
how you take the regulatory requirements, and then apply them to your own facility
dide.

Just a little description of our facility. We are located in the Depal

of Transfusion Medicine, which is a clinical center department on the NIH campus &

dience

Next

tment

ind we

really evolved since 1984 to the present to serve the NIH clinical center as a core labaratory

for ex vivo cell processing.
Our current scope of activities includes the operational side and tf
RNV side. And on the operational side we support phase one and two clinical trials. N
The next three dides just show how weve changed from 1984
present and actualy it says 2000 and now it's 2001. So things have even changed sin
end of last year.
We're currently supporting about 25 active protocols, but we
supported over 50 different clinical trials from al the different NIH institutes, at led
major ones, and we cover the range of hematopoietic transplantation, to immunothera
gene therapy, and more recently weve gotten into pancreatic idet isolatio
transplantation from cadaveric donors to patients with Type 1 diabetes melitis. Next d
Also, since 1984, the complexity of our laboratory procedure
increased dramatically. We're now performing over 40 different technical methods, m

which are extraordinarily complex. We're using over 200 unique reagents and media.
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We do our own assays for the most part. We have a few send ou

ts, but

we're doing our own cell counting and viahility, colony-forming assays for hematopoietic

progenitors.
We do flow cytometry, but | do want to say that we haven't done an)
sorting for clinical trials yet, and we haven't -- we have no immediate plans to do sg
wouldn't be surprised if it was around the corner. We do our own endotoxin assays g
have additional assays in development. Next dide.
Along with this in the 16 years we've gone from one technologist

and actually, since the end of last year | think we're up to 18.

y flow
, but 1

ind we

to 16

We have nore than 100 SOPs. | think it's more than 200 right now.

We've supported over 40 INDs and IDEs.

And | think what's really dramatic since 1984 is redly that we'rge now

much more in tuned with standards, AABB and FAHCT standards, and aso we are paying

substantial attention to quality insurance, GMP's and FDA regulations. Back in 1984

wasn't abig deal. It wasn't an issue.

it just

We're also now paying attention to the new proposed GTP regulgtions.

Next dide.

So our facility was actudly -- our new facility was opening in June of

1997. So we were actually operating at a lower level before then. But in 1997, we moved

into our state-of-the-art facility, which probably isn't state of the art anymore, because this

field has changed so rapidly in the past few years.
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And as | said before, our purpose was to provide state-of-the-art,

use facility for ex vivo cdl processing that meets evolving -- and that's the key w

multi-

ord --

service needs and evolving regulatory requirements. And that's the key to being in thisfield

now is that the regulatory requirements have truly been evolving.

By the time you plan afacility and build it, it's amost out of date. $o you

sort of have to build that flexibility into whatever you're doing.

We're located in Building 10, which is right behind here, and the
and construction were supported by the NIH, but we also had a cooperative researg
development agreement with Baxter Health Care, which helped in the design of the 4
Next dlide.

Thisisjust a picture of the lab before we actualy moved in, at
portion of it. Next dlide.

| think you've seen some of these regulations before in a couple
other talks, but the regulatory framework we looked at, where the CG -- included the
regulations for drugs and blood. That'sin the 200 and the 600 series.

Aseptic processing guidelines, which are aso published in the
FDA's 1993 statement on somatic cell and gene therapies, the 1997 FDA propog
regulating tissue and cellular therapies, and then over the three years from '97 to 2,0
also took into account the FDA's CGMP continuum. Next slide.

Oh, | thought this was the dide about the continuum, but I'll mentic

inaminute. Thisisjust to point out that buildings and facilitiesis just one small elen
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the entire CGMP regulations, and so al of these redly had to be taken into acca
designing the operations of our facility. Next dide.

This is about the CGMP continuum and I'm not sure -- | gue
relevant to this talk, or this series of taks today. We do phase one and phase two ¢
trials. We don't do phase three clinical trias.

We're not trying to take a product to licensure, and | think the FDA
intelligently in public meetings presented this whole diding scae approach to applical
GMP's and cdlular therapies.

And redly it was done mostly in the context of gene therapy

unt in

SS it's

inica

A\ very

ion of

and,

essentialy -- and I'm not an FDA person, so | hope I'm not misstating this. But, essentially,

CGMP appliesto al phases of clinical trials, but full controls are not necessarily expe
phase one and phase two.

It's expected that manufacturers will think -- start thinking about the
developing them, but it really will be phase three before everything is fully devel oped,

dide.

cted in

m and

Next

Thisis just a layout of our facility and this pinkish, peach kind of area

here is our manufacturing area. This is our support area. We're aready growing oul
and were dready starting to take space from various people around us, and they dor

us, but we need the space. Next dide.

of it,

't like

Our manufacturing area includes a very large centra area for self-

separation and processing. We have two separate tissue culture rooms that are adjag

the central core.
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We aso have a freezer room and we do have a flow cytometry lal

used for diagnostic assays. Next dide.

that's

The features of the manufacturing area, again, are coming out pf the

compliance with GMP's. The surfaces are smooth and easily cleaned. The HVAC,

which

really comprises the mgority of the cost in building one of these facilities include

temperature and humidity controls, filtered air, and then positive pressure in the core.

We have an autoclave within our facility to sterilize equipmernt, alf]

hough

we really use mostly disposable supplies, but we do have severa things that we still

autoclave.

We do have a sterile water supply, but we really buy most of our
water and we have a cleaning and pest control plan, and environmental monitoring
dide.

Just to show you, within the manufacturing area, this feature on thi
is realy what we would consider our aseptic processing area. These are contained

We don't actually do processing. This is the freezer room, and the autoclave's in hef

Sterile

Next

5 dide

areas,

re and

then there's a downing room and I'm not even sure what that oneis. That's just an extraroom

adjacent to the core. Next dide.
And that corresponds to the air flow. And you can see that the ¢
positives here -- these are our tissue culture areas where we would do things like

transductions within biological cabinets, other kinds of culture work.
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And this area is redly the centra core where you see the positiV

e, the

single positive. The negative is -- these are the Sink areas. The negative, negative, negative,

the freezer room and an autocl ave room.

This is the flow cytometry diagnostic lab. So, basically, it's like zero

pressure. So the pressure -- air pressures are set up to correspond to where were
aseptic processing. Next dide.

Aseptic processing guiddines, | think, one of the first speakers refef

doing

red to

these and they're in the CFR way back in June of 1987. And | think the person said they

were undergoing some revision now and they were going to be published again, which is

terrific becauseit's been along time.
Also, there is a federal standard, 209E, from September, 199
outlines many of the same standards.
And essentially, we can break our facility into a controlled

controlled areas and critica areas. In controlled areas were trying to achieve a

?, that

areq,

Class

100,000, in terms of particulate counts. And this would be non-viable and viable particles,

and then air flow.
Class 100, again, would be what we would try to achieve in the ¢
areas. And, again, there are requirements for non-viable and viable particulates in aif
Next dlide.
| need about two hours to really read every word on each of these
In our facility, therefore, the controlled areas are at class 100,000, and this is what wg

for closed-system processing.
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And that consists of al open spaces in rooms within our manufagturing

area. So that whole peach areathat | showed you isredly at class 100,000.

But when we have any open system processing, ransfers, samplin

0, WE,

essentially, would go into a biologic cabinet within those controlled areas and therg we're

achieving the class 100 air.

We actually have measured the air in our facility. We do it on ar

egular

basis and were actually better than class 10,000. They actually over-engineered our facility,

which iswonderful.

And so we easily get to well below -- you know, well below 100
biologic cabinet. Next dide.

I'm going to take you back in history to the 1980's when we first
cell processing. I'm going to show you some of the horrible open systems we used to u

Now, thisisn't a biologic cabinet, but imagine it -- even it's not a bi
cabinet, if theair isn't really being monitored, thisisreally -- this could spell disaster.

But these are -- this is an old way of bone marrow processing tha
manual phycogradients and pipettes sticking out of the tubes here. Next dide.

These are roller bottles. This isn't so bad. The roller bottles real

open systems when you have to start pouring and transferring. Next dide. That was|

in the

Started
Se.

plogic

t used

ly are

the --

the roller bottles were from the early days of lack, which we started working on with Dr.

Rosenberg back in the 1980's.
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This is the first gene vector that we used in a clinica tria
Supernate, and it came in this little plastic vial, plastic bottle with a screw off -- scré
cap.

These were frozen, so when you actually thawed these you would
sorts of condensation and things underneath the cap. This is not a nice, closed syster
actualy, we have gotten our vector manufacturers to put al of them into bags with
that we can sterility dock. Next dide.

Again, this was the first clinica trial with ADA deficiency and

ADA

W top

get al

n and,

tubing

gene

therapy. Thisisfrom 1990 -- '90 or '91. That's Ken Culver and these were 24 well plates.

He's working in the hood, but this was before we had our nice facility.

And | will tell you that we did have some contaminations and had an awful lot of scribbing

down cabinets, incubators and throwing out cells. Next dide.
Now were getting into some of the nice closed-system feature
showing this because there may be some people in the audience who just haven't K
walked through a modern lab to see what were doing. Thisisvery simple minded, bu
are essentially based on blood bags. Thisis blood bag technology. These are culture b
These are lymphocytes, T-cells being grown -- this is the incubato

and they're being grown in bags. Next dide.

S, I'm

ind of

[ these

AgS.
r shelf

Thisis an apheresis device, which we can actually use not connected to a

patient to do cell separations. And again, you can have aredlly nice closed system. It lpoks a

little messy but, in fact, everything is closed. So everything that the blood product ¢r cell

product touchesis sterile and all connected. Next dide.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




122

This is on the CS3000, which is a cell separator. This was back

in the

days when we were doing bone marrow processing a lot more frequently, and this wis a --

just amononuclear collection from a bone marrow.

And, again, it's in a gerile bag. This was hooked up inside this
with the centrifuge on but, essentialy, can take this heat seal off and you've got your p
ina--it'sbeenin aclosed container the whole time. Next slide.

Thisis asterile docking device, a sterile connecting device. And wg

device

roduct

> have

probably ten of these in different parts of our lab. They're very expensive, but we would not

be able to do what we do in closed systems without this device.

Essentialy, you can take two pieces of tubing and weld them togeth
sterile fashion. Next dlide.

Thisis a device that we use alot for cell processing for periphera
stem cellsfor CD34 selection and T-cell depletion. That's an Isolex device.

And, again, thisis the device, but what's nice about this device, ang
are severa other devices out there, they basically provide a whole sterile, disposable K

you kind of hook up to thiswhole system. Thisisalittle spinning membrane.

erina

blood

| there

(it that

These are, basicaly, blood bags with either reagents or cells ar will

eventually have your cellular product or waste in them and it's all hooked up as one pié
And you can even take these gpart with the -- you can hook them u
sterile connecting devices or you can heat seal things off. Soit's essentialy one nice,

system. Next dide.
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So that's what we're -- were redly trying to go to do mostly
systems in everything we do, but there are necessarily some openings in the system.

And one of the most common ways of opening the system isjust to
sample. We're constantly taking samples for assays. When we do that, we go und
biological cabinet and take that sample. Next dlide.

| just wanted to show you why even if we had perfect closed system
we would till be potentially set up for microbial contamination.

And this is a picture of a bone marrow harvest and the bone mar

closed

takea

er the

s, that

row is

being pulled out of theiliac crest of this person and into syringes, and then it's being squirted

into this bag.

Wéll, guesswhat? Thisisopen and thisis open. So this was an attel
improve on the old method of bone marrow harvesting and processing and it is more
than what it was before, but it's till not completely closed. The other thil
donors and patients aren't dways completely sterile. Next dide.

This is just an apheresis device. We're getting most of the cells tf
processed by apheresis now and, again, most of the time these are sterile collection
sometimes they're not. Next dide.

| thought about our lab in terms of closed systems and opened sy
and | think there are two procedures that we currently do that still concern us that

completely closed. We just can't -- we can't close them up.
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And one of them is a dutriation and the other is our pancresti
processing. And | just wanted to show you pictures of it just to kind of get your
working.

And | don't have any rea good conclusions for these, but this is
our technologists doing the elutriation. Thisis like a big centrifuge. There's arotor ir

Next dide.

C idet

minds

Dne of

1 here.

And with eutriation, you've got this plastic chamber that you're putting

cellsinto and then it'sin arotor, and you're applying a flow under afair amount of pr¢
similar to flow cytometry, and then you've got it in a centrifuge.

We can derilize this, but we have to pull it apart and then put this

PSSUre,

whole

set up together with these tubes and these various mechanical parts, similar to your flow

cytometer.
What we do in this situation is we actually construct it, put it all to
each time and we do a cold sterilization in place.
That concerns us. | know it's concerned some of our regulatory [
Wed like to close it up, but there's nothing really available now right at this minute th
subgtitute for that. Next dide.
The other thing in our pancreatic idet processing, | think we've ti
close this up as much as possible, but this is the cadaveric pancreas that we obtai neg

the procurement folks.
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And we obtain it in a series of bags. There are layers and layers off bags.

So it's as sterile as it can be, but frequently, its not sterile even coming from the

eric

donor. Wetake it under the biologic cabinet. We do adissection. Next digle.

And then we have to do this very elaborate mechanical and enzymatic

digestion. And I'm showing you this, and I'm not going to walk through this because
long talk in and of itself.
But, basically, we've got beakers, and weve got the stainless

chamber, and al these tubes. And thisiswithin the biological cabinet.

hat's a

Steel

But, basically, alot of these pieces -- dl these pieces are sterile, but it's

not a closed system.

At some point when we -- the digested idets are coming out, they're

coming out and dripping into a beaker. It's not a beautiful closed system.
So these are things we're working on, and | think the goal -- | don
experience with flow sorting for clinica purposes, but | think the goas of trying

things as closed as possible are redlly, redlly critical, and then if you can't get it closex

t have
to get

1, then

you have to figure out good, reasonable ways of containing what isn't closed at some level

of air quality, and some level of aseptic technique. Next dide. | think that may be it
that'sit. Thank you very much for your attention.
DR. KEANE-MOORE: Our next speaker is Dr. Adrian Gee, fro

Baylor College of Medicine.
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DR. GEE: Good afternoon. 1'd like to start by thanking the organiz
this opportunity to present what we've been doing at Baylor related to therapedti
sorting.

What I'm going to talk about is some of the work that's done -- bee
primarily by April Dureti, in our facility, who runs the flow area, and my main respons
isfor QA and GMP compliance.

We're both at the Center for Cell and Gene Therapy. We have ab
8,000 square foot GMP facility in Houston, consisting of an area for clinica grade
production and then nine laboratories for GMP cell processing, which we us
hematopoietic stem cells, cytotoxic lymphocytes and vaccine production.

What I'm going to focus on today is the use of flow cytometry and
of the protocols that we have open, and also a more genera ranging discussion about
of the ways we've tried to address some of the concerns that you've heard abol

morning.

ersfor

c cdl

1 done

ibility

out an
Vector

e for

some
some

it this

In summary, I'd like -- in overview, what I'd like to do is look at same of

the advantages for why we've selected cell sorting for particular applications.

To mention some of the disadvantages of the technology for therg
cell preparation, some of the special concerns, again, relating to some of the things th
heard about this morning, to give you a little view of some of the applications for
were using cdl sorting and then a summary.

The advantages are, obvioudy, that this technique has the poten

produce cell preparations at very high purity.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com

Jpeutic
at you

which

tial to




127

We can use multiparameter sorting in order to get an even greater (
of purity in cells with exactly the right characteristics that we require for the par
application.

We can, potentially, also recover all of the cell populationsif we're
a smple sort into two populations. If we want, we can recombine both in V|
proportions in order to get a very highly-defined population.

And if we are sorting and using the unlabelled cell population, we
essentially, avery minimally-manipulated cell population that hasn't been exposed to &
reagents or antibodies.

The disadvantage are, obvioudy, in cell numbers and speed as
heard today. And, obvioudly, relating to that istime.

The potential problems of open systems, of reagents -- and we

legree

ticular

doing

arious

have,

1|ot of

ou've

really

haven't heard a lot of talk today about some of the problems related to reagents thal were

using and, particularly, obvioudy, the various antibodies that are being used for cell &
Many of those present certain concernsto usif were going to use those cells for therag

Also, viability concerns. And as you've heard, a large part of this
also going to deal with regulatory issues.

If we ded first of all with speed and time concerns, generall

Drting.

Y.
talk is

y, for

therapeutic doses of cells, we're looking at anywhere from ten to the three to ten to the sixth

cells per kilo.
But we're starting with initial cells numbers. I'm very interested

changein fonts that's going on. So everything's new to me when | look at it.
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But initia cell numbers for things like hematopoietic stem cells, w
start with a population of ten to the nine to ten to the eleventh cells and want to end u
ten to the three to ten to the sixth per kilo. And to do that solely by cell 4
becomes amost unmanageable.

So we have, obvioudy, a very prolonged sort time if we w.
undertake this type of manipulation by cell sorting alone.

So, in genera, there is often some up- front debulking. An
immediately gets you into the area of manipulating cell populations and gets you in
whole other area of regulatory concerns.

Some of the debulking methods that are used are, as you've heard, d
gradient separation, so you may make a mononuclear cell preparation if you're dedin
blood or bone marrow.

Y ou may use magnetic depletions. And Frits talked about using ma
particles for debulking and selecting populations, and also ex vivo culture.

And for alot of the population, again, as Frits referred to, we m3

e may

b with

orting

Nt to

d that

to the

ensity

0 with

gnetic

y then

take the sorted population and expand it up. And, again, that presents a particular regulatory

concerns.
We have found that certainly high sort rates can result in cell damag
do not sort a 60 ps because weve had problems with that. So we, generaly, redu

pressure down to 30 psi.
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Although we can recover cdlls, we found that at 30 psi they retain
the functional characteristics of unmanipulated cells, whereas, as we increase the pré
we may be able to retain the viability, but lose some of the functionality.

We aso have generaly reduced flow rates to seven to ten times ten
three events per second.

There is obvioudy the issue of prolonged sorting, which in itse
cause cell damage, risk of contamination of the product, and if do you any k
premanipulation using magnetic particles, or usng some kind of density gradient, yo
also affect the sorting characteristics of the opulatoin asthey go through the flow cyton

If we look for open system concerns, obvioudly, thereis risk of ex
of the operator. And you heard, in particular in relationship to HIV-infected cells, but
it'savery good point.

Asyou've heard from Elizabeth Read, we will often get -- well, not
but we will get cell populations to sort from patients who have positive marke
infectious diseases, or for the preparation to autologous cell products, and we ar
required to use those cells. So we have to have the ability to work with contam
products.

Thereis, obvioudy, not only the risk of exposure of the operator, b
the risk of product contamination. This is a concern to the FDA and many of th

regulations, GTP, for example, are focused on the risk of contamination of products.
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Weve taked about this morning about the issue of cleaning and

sterilizing the sorter, and having a procedure that is validated to show that that agtually

achievesthe level of cleaning and sterilization that is required.

And aso, decontamination of the sorter. If we know we're going
sorting a positively- infected population, then we have to be able to show that W
adequately decontaminate the sorter afterwards.

The way we've addressed this in Baylor is, as | mentioned, the GM

to be

e can

P cdl

processing facility is rated at class 10,000. Within that facility we have one room, the cell

sorting room that is rated at a class 1,000.

We do a complete clean on that room before use, which mea
completely stripped down, the floors, walls, ceilings and everything are clean
specially-trained cleaning crew.

We do extensve monitoring of the facility, that includes stati
dynamic monitoring, involving doing particle counts within the room, doing viable
within the room and doing RODAC plates.

For the staff -- now, we do do infectious disease monitoring on al
donors of the products, so that we at least have a heads up as regard to the infectious @
status of any product that comes into the facility and we aso insure that the faci
secured, so that only certain people are allowed into areas that are involved with ha
products.

But for protection of the staff, we ask that -- we require that staff

back suits or scrubs when they're working within the facility.
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They wear fluid proof lab coats. They are required to have shoe covers, a hat, latex

jloves

and mask. This is shown with a surgica mask, but we'd also require people to wear face

shields.

In terms of the sample, we have a MoFlo cell sorter, and we ha
containment device. We also do sterile processing of the products prior to doing cell sg

So in many cases, the cells will have gone through some up
manipulation. Those will be done in the class 10,000 rooms, in a class 100 biological
cabinet.

We then clean the sorter, and I'll describe that in a moment. We ha
containment system on the MoFl o that you heard about this morning, the negative pr
sample containment device.

For cleaning the sorter we've used the following system. We flu
system four hours at aminimal with aten percent solution of bleach.

We then run 70 percent alcohol for two hours and we can, if po
leave it in the system overnight. We run sterile PPS for two hours prior to sorting, an
wedo calibration.

Now the problem is many of the calibration reagents are not
themselves, so then we have to repeat some of the resterilization. It would be very nice
manufacturers could consider coming up with GMP grade sterile calibration reage
this type of procedure.

In order to get over that, after that we've run the calibration, we ¢

hour each of bleach, ethanol and sterile PPS.
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| mentioned to you the concern about reagents. We're, obvioudly

, very

concerned about what antibodies we use. There are certain antibodies that are supposed to

be of GMP grade material.

And, obvioudly, that is the kind of minimum standard that we should

want. We do ask -- and some of these are mainly primary conjugated reagents, but al

D it's

the availability of secondary reagents. We're often using newer types of antibodies that may

not be available in a conjugated form.

There's also the issue of many of the reagents that we would like

to use

contain sodium azide. That, obvioudy, is potentialy toxic if one is going to use the cells

therapeutically.
We do ask for certificates of analysis for al of the reagents th
receive into the facility and we bar code all of our reagentsin order to keep track of the
In some cases, we will do additional testing of various antibodies t(
a product specification and, obvioudly, we cross check lots of the antibodies from ba
another so that they meet specifications before they are used for the particular applicati
The other issue is there is residual material that may be left in the
product that my be float face antibody, for example, that may carry through durif
staining procedure. Y ou have other reagents.
And those really need to be removed if they present any potential
to the patient. And then if you are going to remove them, you have to vaidate thg

removal procedurewill work.
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There's dso -- if there is going to be residua materia in there, such as

mass antibody that may cause a reaction in a patient, you may have to be prepared to

measure, for example, human anti-mouse antibody that may be produced in response to

receiving cells that have been coated with antibody.

In addition, if you are interested in this area, there is guidance av:

ilable

from CBER. And these are just two of the documents that deal with monoclona antibodies,

not in specific relationship to this particular field, but in relationship to the therapeutic
drug use of these types of reagents that give you a lot of information about the ki
concerns that you should at |east raise before you use them.

There's also the issue of buffers and sheath fluids. The typ
composition of the sheath fluid that you decide or buffers that you decide to use durin
the preparation of the cells and their passage through the sorter, the use of preserv
other reagents that you use in fusible grade.

If you're going to directly take that product and put it into a patie
you have certificates of analysisfor these reagents?

Are there going to be any downstream effects? For example, if wj
cells and then go to use them in another manipulation, are these buffering reagents ga
have adverse affects on the cells for the next part of the downstream processing?

And, again, if you have harmful reagents in there, can you valida

you removed them prior to using the cell populations.
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We heard a little bit this morning about viability issues. |

think,

obvioudly, the effects of speed sorting and time of sorting can, obvioudy, have afiverse

affects on viability.
We dso have to think of longer term effects and what are the
effective or the most useful viability assays. We may get one immediate meas
viability post sorting, but does that truly reflect the functional capability of the cells
you go on to do additional manipulations or culture?
So what isthe best type of viability measurement for these populations?
What are the effects of cells being sengitized by the antibody that ig
used by sorting? Does that adversely affect future functional requirements for thg
population?
And is it possible, in many cases, to use positive or negative cell 4
to overcome some of those disadvantages so that one selects out a population by vil

the fact that it does bind the antibody as opposed to the fact that it does?

Very briefly, obvioudy, you've heard the regulatory responsibility.

FDA has paid alot of attention to thisand CEBA has been particularly activein thisar

There are a number of documents -- and, again, | don't have time
into these -- and | believe they're listed at the back of the handout this morning, that d
you a lot of guidance for the preparation of therapeutic cell populations and it i
unlikely that you are going not to be affected by some of these regulations because
manipulations required prior to sorting, the actual sorting itself and post-sorting will p

into a category where you will have to address these kinds of issues.
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You can see, for example, in the somatic cell therapy documents, th
information required on cell identity, on viability, sterility, purity. So those are the ki
things that you have to build into your protocol as you work on -- start working in this

One of the particularly useful documents is on human somatic cs
gene therapy. And this covers any autologous alogeneic and xenogeneic ce
manipulated or processed ex vivo. And it would include selection, and so it would it
sorting approaches aswell.

Again, | want to go through this fairly quickly, because thisis the
information that you can pull and look at to see how it works.

But particularly, in the case of -- as you've heard about the tiered i
risk and that the greater the potential risk that the cells are put to, or the donor,
recipient may be put to, the greater the degree of regulation.

And so if you're working with cells that are considered to be mor
minimally manipulated, and that's not easy to say. | wish | would have come uj
something alittle bit easier. But it's anything that adters -- potentially aters the biol
characterigtics of the cells or their function or integrity. It includes exp.
and genetic modification.

And you've heard today about some of the applications for cell s
and involving gene therapy and expansion of cell populations. And for those you
require an IND and | think that puts us fairly closely into most of the protocols that ar

now for therapeutic cell sorting.
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Again, just to go quickly, you would require an IND application, quality

control of manufacturing, definitions of methods and reagents.

If you're developing cell banks of sorted cell populations, you
require QC and you have to show that your product was reproducible in terms of fro
lot to the next.

All of this information, again, can be found in the CFR. And, aga
not going to go into any of that, but how to prepare IND applications.

Other genera requirements, data showing reasonable safety and rat
Additional data, as you've heard, collecting information during a phase one trial that
used to support later things -- the type of things we're talking about there are quant
assays of bioactivity and product stability, so how stable are cell populations following
types of manipulations,

Again, | think for the sake of brevity, but some of theses things do |
directly to cell sorting protocols, collecting cells, giving the appropriate information o
those cells were collected from the donor, how the donors were selected.

In generd, as I've said, we've used blood donor standards. If you
from adonor who doesn't meet these standards, you have to have justification of why Y
done so.

Again, the mgjor interest being on infectious disease screening. YO
be required to do HLA typing of the donor and be aware of possible cellular interas
and you must have details about the collection procedure and the location for the coll

procedure.
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For cell culture again, which is often -- proceeds or follows cell sprting,

you need full QC of manufacturing and of the reagents, of the media, acceptance ¢

lots and source information, components with potential to cause sensitization.

fiteria,

Y ou've heard about fetal calf serum. Growth factors have to be wdl

characterized and you should avoid the use of antibiotics. So we can't do & dirty

sort and then try and clean it up with antibiotics.

Other issues, again, are adventitious agents, document conditions that

minimize contamination, periodicaly test your product. And we screen our products for

bacteria, fungi, microplasma, endotoxin and adventitious viruses.

Implement controls to look at the culture identity and heterogeneity and

try and avoid cross contamination by the use of appropriate controls.

You have to be able to identify very clearly the population that y
dedling with by using, for example, cell surface antigens, define acceptable limits f
population, try and use functional assays for the cells to show that they have re
functionality after sorting, for example.

You may be required to verify the matching of the donor an

DU are

Or that

tained

d the

recipient. You'll establish the stability of the markers that you're going to use for identity

testing and verify, where possble, some type of biologica functionality of th
popul ation after manipulation.
And then there's a whole series of things, which again, | won't rej

but, basicaly, the same kinds of controls have to be undertaken for control of the mg
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that you would use during your processing or your upstream or downstream manipulal
the cell populations.

And, for example, there you see the use of anima serum in certifyir
calf serum has been obtained from countries where BSE is not an epidemic.

Again, characterizing the product. What are the acceptable concen
limits for things that may end up in that product? Provide methods and data on remov,
potential toxicity of any residual components by using an animal model.

The recent publication in January, the eighth in the Federal Registe

ion of

ng that

tration

al and

I, Was

on good tissue practices, which is a kind of supplement to GMP relating specifically to

therapeutic cells.
And, again, without going into alot of detail here, it isintended to p
the introduction of communicable diseases through the use of these practices.
S0 you have to insure that the products do not contain a commun
disease agents, that they do not be contaminated -- become contaminated
manufacture and that the function and the integrity are retained during that manufag
process.
And just to show you the kinds of things that are in there, you have
of the things that we've discussed earlier in this talk. A quality program, organiz

procedures, facilities.

revent

icable
during

turing

many

ration,

S0 you can see class 10,000 and class 100,000 and class 100 are but small

components of the overall approach to good manufacturing and good tissue practices.
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| think I'll try and skip thisone. I'll just have to step through it. Just to

end on the applications, obvioudy, the major application is in the separation of rare cell

populations.

There has been a lot of interest in primitive and progenito
populations and we have therapeutic protocols open on separation of very primitiv
cellsby cdl sorting.

Thereisalot of interest in separating tumor cells. | think we've mov
agreat extent perhaps further away from purging applications, trying to remove tumao
from hematopoietic cells grafts.

We have used tumor cell sorting for gene therapy, so we use the
cytometer to sort out tumor cell populations, which are then subject to gene therapy.

They have -- they're transvected with genes for interleukin-2,
ligand, lymphotoxin, for example. So that is the mgor sorting of tumor cell populatio
wedo.

We aso look at activated cells, particularly trying to remove alo-re
T-cells from grafts and trying to purify specific T-cell populations, for example, thog
particular types of activities, as you heard from Frits, for CMV and for anti-tumor actiy

Just to give you an example, for separation of alo-reactive cells, t
you a kind of flow chart of what kinds of things will happen before and after, we
separate recipient, peripheral blood mononuclear cells.

We would then culture and generate lymphaoblastoid cell line from

cells, collect and separate donor periphera blood mononuclear cells, expand th
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culture, radiate the recipient cultures, co-culture the two populations together for six t
days and then we would do the sorts.

So there's a lot of up front manipulation here. We would the
activate it, CD3 positive, CD147 positive cells and we would expand those in cultures.

So there'salot of manipulation in these protocols, hence, the empha
somatic cell therapy. Using this kind of protocol, what we can see here is we have ab
percent CD147 positive cells, 38 percent negative cells prior to the sort.

We would then sort using ABX-CBL and anti-CD147, and separ
allo-reactive population from the non-aloreactive population, and then culture the
aloreactive cdlsfor infusion.

In summary, then | think we are actually seeing increasing use @
applications for cell sorting, for particularly immunotherapeutic and gene therapy prot

We dtill have a lot of reagent limitations and we focused a lot tog
machine limitations, but there are still reagent limitations that we have to overcome.

There is the concern, obvioudy, about validated decontami

protocols and cleaning protocols for the machines. | think it is particularly heartening

D nine

N sort
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ate be

? NoN-

f new

Dcols.

lay on

nation

to see

new designs in machines, instead of trying to clean up the ones that we have. It's nice to

know that there's a whole new kind of generation potential of sorters becoming av:
that will address many of these concerns.

We have done many cell sorts now, not all for therapeutic, and ws
yet to have one come up positive as screened by bacterial, fungal, vira, microplasm]

endotoxin.
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I'm not sure if we're been lucky, or whether just our attention to the

of controlsthat we've put into place explain that.

And | think it's certainly with increasing experience at our center and &
number of centers that we can truly evauate the risks that this type of manipulation po

both the operator and to the sample. Thank you very much.
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