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FEDERAL FUNDING FOR STEM CELL
RESEARCH

THURSDAY, MAY 22, 2003

U.S. SENATE,
SUBCOMMITTEE ON LABOR, HEALTH AND HUMAN
SERVICES, AND EDUCATION, AND RELATED AGENCIES,
COMMITTEE ON APPROPRIATIONS,
Washington, DC.

The subcommittee met at 9:47 a.m., in room SR-418, Russell
Senate Office Building, Hon. Arlen Specter (chairman) presiding.
Present: Senators Specter and Harkin.

OPENING STATEMENT OF SENATOR ARLEN SPECTER

Senator SPECTER. Good morning, ladies and gentlemen. The Ap-
propriations Subcommittee on Labor, Health and Human Services,
and Education will now proceed. This morning’s hearing is on the
subject of the determination as to whether the current stem cell
policy is adequate on moving research toward cures of so many
maladies, and we are going to be looking into the adequacy of the
existing stem cell lines.

Until Monday of this week the conclusive information, consistent
information, presented to this subcommittee and more broadly was
that there were insufficient stem cell lines and that they were con-
taminated with mouse feeders. On Monday I was informed by staff
that Dr. Zerhouni had just called to say that he believed there were
stem cell lines which were not contaminated with mouse feeders,
which was more than a surprise; it was a shock.

I sat down with Dr. Zerhouni on Tuesday afternoon to go into the
matter in some greater detail. The reason that the issue was so
startling was that this subcommittee has been consistently advised
that the eligible stem cell lines have all been grown with mouse
feeder cells. That information was given to us, by the Secretary of
HHS Thompson; Dr. Alan Spiegel, the director of the National In-
stitute on Diabetes, Digestive, and Kidney Diseases, which has
principal responsibility on the stem cell issues; by Dr. James
Battey, chairman of the NIH Stem Cell Task Force, all from NIH,
and from other scientists as well—Dr. Roger Pederson from Cam-
bridge, Dr. George Daley from MIT.

There is a considerable body of additional authority for the prop-
osition that the existing cell lines, stem cell lines, are contaminated
with mouse feeders, but I will not take the time to go into them
now. We had a delay of about 15 minutes in commencing this hear-
ing because the President addressed the Members of the Senate
and the House on a meeting which was just scheduled late last
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night, and he just concluded a few moments ago. I came directly
from that meeting in the Capitol to this, to this hearing.

There is concern about the—putting this is somewhat delicate,
but—the objectivity of the information which this subcommittee is
getting and whether there is a politicization of the process. This
subcommittee had a direct confrontation with Secretary Thompson
when we sought information some time ago about stem cells and
the information was requested from all of the directors and the in-
formation was edited before it came to us, which was out of line.
And the subcommittee is concerned as to what is happening on a
continuing basis.

The disparity between funding an NIH for human embryonic
stem cells and adult stem cells raises real questions, to put it with-
out hyperbole. Stem cell research has $10.7 million in 2002 and
$17.1 in 2003. Adult stem cell research has $147.6 million in 2002
and $155.7 million in 2003.

There have been very strong reasons advanced for additional
stem cell lines: first, genetic diversity; second, proper comparison
of lines grown using mouse feeders and lines grown without mouse
feeders; and third, the need for lines grown without feeders for use
in treatment.

This is the 16th stem cell hearing which this subcommittee has
had and we have focused a great deal of our time and energy on
the subject because we think it is so important. It is very important
that we get the scientific opinions without politicization, without
shading. These issues are too important.

The President responded by allowing some 63 lines in his speech
at 9 o’clock on August 9, 2001, after some 76 Senators had ex-
pressed themselves in favor of Federal funding on stem cells. The
hands of the scientists should not be tied in any way. We ought to
be finding out what the facts are and proceeding on them, and this
subcommittee intends to do that. We have great respect for the
new director, Dr. Zerhouni, but we intend to find out what the facts
are.

STATEMENT OF ELIAS ADAM ZERHOUNI, M.D., DIRECTOR, NATIONAL
INSTITUTES OF HEALTH, DEPARTMENT OF HEALTH AND HUMAN
SERVICES

ACCOMPANIED BY JAMES BATTEY, M.D., DIRECTOR, NATIONAL INSTI-
TUTE ON DEAFNESS AND OTHER COMMUNICATION DISORDERS,
NATIONAL INSTITUTES OF HEALTH, DEPARTMENT OF HEALTH
AND HUMAN SERVICES

Senator SPECTER. Our first witness is Dr. Elias Adam Zerhouni,
the 15th Director of NIH. Prior to becoming director, Dr. Zerhouni
has had an extraordinarily distinguished career: executive vice
dean of Johns Hopkins, received his medical degree from the Uni-
versity of Algiers. Dr. Zerhouni is accompanied by Dr. James
Battey.

Dr. Zerhouni, the floor is yours. We are looking forward to your
testimony.

Dr. ZERHOUNI. Thank you, Mr. Chairman. I am pleased to appear
before you and I will make my comments short as the full testi-
mony is available for the record.
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Senator SPECTER. Your full statement will be made a part of the
record without objection.

Dr. ZERHOUNI. I am pleased to testify for you about the progress
we have made over the past year and since the last hearing on
human embryonic stem cell research. There are more than 60 in-
vestigators at 48 institutions that have received NIH awards and
are working on embryonic stem cell research. There are 78 lines
that are fully eligible for Federal funding in various stages of de-
velopment.

In the last year alone, NIH support has helped increase the num-
ber of widely available lines to any researcher from one in April of
2002 to five at our last hearing in September to 11 today, and more
are being developed and will be available in the near future.

I can report to you that we are as diligently as possible imple-
menting the policy promulgated by the President August 9, 2001,
which has enabled the field of embryonic stem cell research to ad-
vance. Prior to that date, no funding had been spent on the field
of embryonic stem cell research and we are trying to accelerate
funding as fast as we can over the past 18 months since we have
developed our strategy at NIH to support this field.

So we continue to acquire new knowledge about human embry-
onic stem cells at a rapid pace. Recently, NIH-supported research-
ers have succeeded in replacing a stretch of DNA within a stem cell
and this is a very important advance as it opens the door to sci-
entists who want to study the function of specific genes and also
provide a way to modify derived tissues for use in treating patients.

Scientists are currently working to identify those genes that are
involved in the differentiation of human embryonic stem cells as
well as those genes that permit embryonic stem cells to self-renew,
and this is an important scientific prerequisite for progress to be
made. Until recently, all human embryonic stem cells were ex-
panded after derivation on mouse feeder layers.

Now scientists are discovering and establishing conditions that
allow these cells to grow in the presence of human feeder cell lay-
ers. NIH-supported scientists in the United States, using approved
NIH-available cell lines, tested the ability of human feeder cells to
sustain these lines and are now learning as fast as they can the
molecular signals that will allow us eventually to expand and grow
human embryonic stem cells without any feeder layers.

Since I arrived at NIH about a year ago, I have been working
hard to promote stem cell research based on recommendations re-
ceived from the research community and by the NIH stem cell task
force, which I established in August 2002, with scientists from
within NIH and from the extramural community.

The newest effort, for example, is the establishment, after rec-
ommendation of the NIH stem cell task force, of an NIH character-
ization unit at NIH under the direction of Dr. Ron McKay. This
unit will be located on our campus in Bethesda and this unit will
provide what is missing right now in the field of embryonic stem
cell research, reliable, standardized data derived from assays per-
formed on human embryonic stem cell lines, so that we can make
available for widespread distribution lines that are fully character-
ized so that scientists can compare results across experiments.



4

Again, I want to assure the committee of NIH’s commitment to
pursuing embryonic stem cell research vigorously, as well as con-
tinuing our advances in the field of adult stem cell research. The
President’s policy has provided us the opportunity to be at the fore-
front of new discoveries about stem cells and we are exploiting it
as fully as we can.

As T said, over the past year I have been actively working on pro-
viding open discussions and open access to all the scientists who
have ideas about how to promote the field. I have established proc-
esses to do so.

PREPARED STATEMENT

In echoing your own statement, Mr. Chairman, at my confirma-
tion hearing I stated the fact that it was very important for the
NIH director to be factual and provide accurate factual information
to the maximum extent possible at the time needed to inform policy
decisions, and this is what I will do.

Thank you, Mr. Chairman.

[The statement follows:]

PREPARED STATEMENT OF ELIAS ZERHOUNI

Mr. Chairman, Senator Harkin, and Members of the Subcommittee, I am pleased
to appear before you today to testify about the progress of human embryonic stem
cell research. In fiscal year 2002, NIH spent approximately $11 million for human
embryonic stem cell research to increase the availability of stem cell lines for federal
research, train scientists how to use these technically-challenging cells, and conduct
basic, pre-clinical research that represents the first steps toward understanding how
stem cells might be used to treat injuries and diseases.

More than 60 investigators at 48 institutions have received NIH awards, includ-
ing 14 investigator-initiated grants and 44 administrative supplements. The admin-
istrative supplements allow investigators to rapidly incorporate research on human
embryonic stem cells into their ongoing work. As you know, there are 78 lines fully
eligible for Federal funding, in various stages of development. NIH support has
helped increase to 11 the number of human embryonic stem cell lines that are wide-
ly available for all researchers. More lines will become available in the future, as
we help the scientific community capitalize on this opportunity. I can report to you
today that NIH’s implementation of the policy set by the President on August 9,
2001 has enabled the field of stem cell research to advance. We continue to acquire
new knowledge about human embryonic stem cells (hESCs). Some of the significant
discoveries include the following research findings.

—NTIH-supported researchers at the University of Wisconsin recently succeeded in
replacing a specific stretch of DNA in human embryonic stem cells. This tech-
nique, called homologous recombination, opens the door to scientists who want
to study the function of specific genes within these cells and also provides a way
to modify hESC-derived tissues in a very precise matter for use in treating pa-
tients.

—Scientists at NIH have been able to demonstrate that differentiated mouse em-
bryonic stem cells can be directed to become specialized cells in order to repair
damage when transplanted into the brain or spinal cord. This finding could lead
to the development of replacement therapy for cells that are destroyed through
injury or disease, such as stroke, Parkinson’s disease or Alzheimer’s disease.

—In vitro studies have produced more specialized cells from human embryonic
cells that might be used for blood cell transplantation therapies for patients
with blood malignancies such as leukemia or myeloma.

—Scientists are currently working to identify those genes that are involved in the
differentiation of hESCs, as well as those genes that permit embryonic stem
cells to self-renew. This knowledge, along with research involving gene transfer
techniques, potentially will allow scientists to coax hESCs into becoming insu-
lin-producing beta cells to treat insulin-dependent diabetes.

—Until recently, all hESCs were grown on mouse feeder layers. Now scientists
are establishing conditions that allow hESCs to grow in the presence of human
feeder cell layers. NIH-supported scientists in the United States, using stem
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cells eligible for federal research, have tested the ability of human feeder cells
derived from fetal or adult tissues to support the growth of human embryonic
stem cell lines. Both fetal and adult human feeder cells were able to support
and maintain the cells in an undifferentiated state. Also, we have seen pub-
lished research on the existence of one cell line, developed in Singapore, that
was created and developed using human feeder layers. However, the Food and
Drug Administration has informed NIH that, given the complexity of this area
of research, it is difficult to predict whether newly derived human embryonic
stem cells grown exclusively on human feeder cells would result in clinical trials
sooner than the existing eligible cell lines either grown exclusively on mouse
feeder cells or adapted to human feeder cells.

At the same time, we continue to learn more about other types of stem cells, in-
cluding adult and those derived from umbilical cord blood.

—An NIH-supported researcher at the University of Minnesota isolated multi-
potent adult progenitor cells from human bone marrow. These cells demonstrate
the potential to differentiate beyond bone marrow stem cells into other cell
types, including liver, neurons and blood vessels.

—In a laboratory of the National Institute of Dental and Craniofacial Research,
NIH intramural scientists have recently characterized a population of stem cells
found in the dental pulp of deciduous, or “baby” teeth. These stem cells have
the potential to become cells expressing molecular markers characteristic of
dentin, bone, fat and nerve cells and may provide an accessible source of stem
cells to repair damaged teeth, regenerate bone, and treat nerve injury or dis-
ease.

—Scientists established a number of years ago that umbilical cord stem cells can
repopulate the bone marrow of a small child. Umbilical stem cells can be used
today to treat certain childhood disorders such as Fanconi’s anemia. With the
current technology, however, these cord blood stem cells can only be harvested
in small numbers, which limits their clinical utility. We are seeking methods
to expand these cells in the laboratory to generate very large numbers of the
cells needed for many other clinical applications.

Human embryonic stem cell research is still in its nascent stages, and there are
many basic research studies that will be required before we can begin to plan clin-
ical trials. NIH is supporting preliminary research to understand how to direct dif-
ferentiation along specific pathways, to establish techniques for isolating specific cell
types, to control cell proliferation, and to control interactions between the host im-
mune system and transplanted cells that might mediate graft rejection.

Research using hESCs offers the potential to inform us about the earliest molec-
ular and cellular processes that regulate normal development, and provides a tool
to discover how a cell is able to be both pluripotent and indefinitely self-renewing.
In addition, research using hESCs will help the scientific community to understand
the molecular signals that specify differentiation into specific cell types, some of
which may ultimately be useful for cell-based treatment of disorders, such as Type
1 diabetes or Parkinson’s disease, that involve loss of a specific cell type.

As we continue our work with the research community to fund new research and
facilitate the availability of additional stem cell lines, the NIH Stem Cell Task Force
is continuously and vigorously evaluating the state of the science to lead the imple-
mentation of a vigorous research program envisioned by the President. Attaining
basic knowledge about the characteristics and potential use of stem cells remains
the immediate challenge before the research community today. Until we understand
the basics, we cannot know with certainty the future research requirements for ad-
vancing into clinical trials using embryonic stem cells. The NIH will continue to
monitor the state of the science and assimilate the body of research evidence in
order to make informed, evidence-based recommendations on this important issue.

We are working hard to promote stem cell research, based on recommendations
received from the research community by the NIH Stem Cell Task Force. The new-
est effort is the establishment of the NIH Characterization Unit, located on our
campus in Bethesda, Maryland. This unit will provide reliable and standardized
data derived from assays performed on human embryonic stem cell lines available
for shipment to the research community. The unit will provide a direct side-by-side
comparison to be made among the cell lines, and will facilitate comparison with
adult stem cells. These data will be publicly available and will arm the scientific
community with state-of-the-art information, so scientists can make an informed
choice when ordering one or more of the available cell lines. In response to addi-
tional recommendations from the research community, we continue our efforts to re-
cruit new scientists to the field, to help mid-career investigators begin studies on
embryonic stem cells, to monitor the state-of-the science through the NIH Stem Cell
Task Force, to fund investigator-initiated grants, to disseminate information about
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the science and initiatives via the NIH Stem Cell Task Force website and to plan
for a symposium that will bring together two hundred stem cell researchers from
all over the country and several foreign universities.

Again, I want to assure the committee of NIH’s commitment to pursuing embry-
onic stem cell research, as well as continuing our advances in the field of adult stem
cell research. The President’s policy has provided us the opportunity to be at the
forefront of the latest groundbreaking discoveries in the culturing, characterization
and differentiation of stem cells, and I am confident that NIH will keep its premier
place in this field for years to come.

Senator SPECTER. Dr. Zerhouni, this subcommittee has repeat-
edly requested that NIH recommend a non-NIH scientist to testify
in support of your position that additional stem cell lines are not
required. But NIH did not recommend a non-NIH scientist. Was
that because you could not find one who would support you?

Dr. ZERHOUNI. Senator, I was not actually aware of this par-
ticular request.

Senator SPECTER. Dr. Battey, are you aware of the request?

Dr. BATTEY. Yes, I am.

Senator SPECTER. Why didn’t NIH submit to this subcommittee
a non-NIH scientist to back up the NIH position? Could you not
find one?

Dr. BATTEY. We knew of no individual who was willing to testify.

Senator SPECTER. Dr. Zerhouni, why is it that so many authori-
tative spokesmen for NIH have told this subcommittee that all of
the eligible stem cell lines were grown on mouse feeder cells, such
as the Secretary himself, Dr. Spiegel, Dr. Battey, and on Sep-
tember 5, 2001 Secretary Thompson stated that categorically. On
September 26, 2001, in response to my request NIH prepared a
paper entitled “The Development of Embryonic Stem Cell Lines”
and, among other things, concluded, quote, that “Although a major
focus of their work at present”—this is referring to Goteburg—“is
to develop a culture system that is free of mouse feeder layers, this
has not yet been applied.”

Why is it that the subcommittee was informed that all of the ex-
isting lines were on, developed on mouse feeders, until Monday of
this week when you contacted staff and Tuesday when you had the
meeting with me?

Dr. ZERHOUNI. Well, I was not there to know exactly what hap-
pened at NIH during those periods of time, but I take your point.
There are inconsistencies in the responses that you have received
over time. After I asked myself issues related to the new findings
of human feeder cell layers being supportive of growth of human
stem cells, that finding which was reported by Johns Hopkins sci-
entists was important enough in my mind to make sure that we
had a review of the field. Prior to that date, there was no other
technique used to grow stem cells besides mouse feeder cells.

So it was very important, I thought, that we made sure we had
a complete inventory. But I understand your point and I have re-
viewed those statements and your staff actually provided me with
some of those. I cannot explain why. I can only tell you one thing,
which is that I am absolutely committed to providing you with the
most accurate information at the time it happens. This field is fast
evolving. It is a new field. We have only been funding this field for
less than 18 months, and this is the commitment I have for you.
And I will be happy to be on the record reviewing the entire data
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set and provide you information on the record, Senator. But I take
your point.

Senator SPECTER. Dr. Zerhouni, they are not inconsistencies. It
is a flat-out contradiction, from night to day, from black to white,
from yes to no. It is not an inconsistency, just flat-out different.

Dr. Battey, how about it? You are one of those who said all the
stem cell lines were grown with mouse feeders.

Dr. BATTEY. At the time I was asked the question, I knew of no
cell line on the NIH registry that had not been grown on a mouse
feeder cell line. I learned differently earlier this week, and I apolo-
gize for promulgating misinformation. It was not done deliberately
on my part.

Senator SPECTER. Dr. Zerhouni, when we met on Tuesday you
told me that you had a suspicion that there might be some stem
cell lines not grown with mouse feeders and that it was that sus-
picion that led you to pursue the matter and led you to inform the
subcommittee to the contrary. When did you first get that sus-
picion?

Dr. ZERHOUNI. Actually, Senator, as I told you, for those who
have been involved in this field—and I should remind you that in
my previous job I had been very involved in developing an Institute
for Stem Cell Engineering, so I had a lot of contacts with scientists.
And even at that time, many scientists were saying that they
would freeze and preserve some of their lines until they learned
m(l)lre about optimal culture conditions beyond the mouse feeder
cells.

Everybody wanted to discover, develop methods that would not
require mouse feeder cells for future use. So from the contacts that
I had with people, some informal conversations, for example from
the Karolinska Institute, led me to believe that not everybody was
growing cell lines, but they were preserving them prior to exposure
perhaps. But I did not know that for a fact, Senator. I only focused
on that issue

Senator SPECTER. When did you suspect it?

Dr. ZERHOUNI. When the Johns Hopkins paper came out, it be-
came an important scientific issue. You yourself raised the issue as
well, which was appropriate, and we decided—I decided to, and the
NIH staff decided, to have a laser focus on this issue to provide you
with the best answer.

Senator SPECTER. My question, Dr. Zerhouni, is when you first
had a suspicion and what happened in the interval between then
and Monday?

Dr. ZERHOUNI. About 5 weeks ago, I believe. When the paper
from Johns Hopkins was published, it became important for us to
determine what were the conditions of growth. And we knew from
descriptions of derivations versus growth that there were multiple
steps there.

Senator SPECTER. Was that the first time you had a suspicion
that there might be some stem cell lines not grown with mouse
feeders?

Dr. ZERHOUNI. I knew before that there were some of the 14 pri-
vate lines—and remember, these are private lines, so we do not al-
ways get access to the information. We are only provided voluntary
information. Some had frozen them.
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Senator SPECTER. I am trying to find out when.

Dr. ZERHOUNI. When did I know that——

Senator SPECTER. It seems to me that as soon as you had a sus-
picion I would ask why you did not make an inquiry then, or at
least at the time you became director or perhaps prior to that time,
when you and I discussed the matter. I am looking for the sequence
of events as to why this was not determined earlier. That bears on
the authenticity.

Dr. ZERHOUNI. I appreciate your point. Let me be very clear. We
knew—I knew, I suspected, and I think we knew at various time
points that people had frozen cell lines that they were keeping in
reserve. I knew that over several months and before I even came
to NIH.

Whether or not—the specific question, which is whether or not
any of those frozen lines had or had not been exposed to mouse
feeder cells, became relevant about 4 or 5 weeks ago when the
Johns Hopkins paper was published, and this is when I started to
question our knowledge about the specific growth conditions of
these not yet de-frozen lines.

Senator SPECTER. Dr. Zerhouni, I do not agree with you. I think
it became relevant before the Johns Hopkins paper about 5 weeks
ago. If there is ever an inkling that there are some stem cell lines
out there not grown on mouse feeders, that is a big deal, is it not?

Dr. ZERHOUNI. Yes and no——

Senator SPECTER. That is a major, a major matter.

Dr. ZERHOUNI. Yes and no, Senator, because at the time prior to
that there was no known technique to grow these cells other than
on mouse feeder cells. So the question becomes relevant when you
have someone describing a viable technique. That is why, Senator.

Senator SPECTER. You are saying it only becomes relevant when
there is some technique to grow them other than on mouse feeder
cells? Well, Dr. Zerhouni, I do not—I do not agree with that, either,
because techniques are developed and you never know when a tech-
nique is going to be developed if you have researchers and you
have the wherewithal to develop techniques or new breakthroughs.

It is a major matter if stem cell lines are in existence which are
not grown on mouse feeders to make that determination, you might
say in anticipation, but not really in anticipation, because the sci-
entists anticipate everything. You never know where science is
g{)ing to lead. Every stone you turn over may lead to something
else.

So you are saying that at some time before you came to NIH you
had a suspicion, as you put it, that there might be some stem cell
lines which were not grown or not contaminated with mouse feed-
ers?

Dr. ZERHOUNI. No, no. Let me just be very specific. I knew that
scientific groups were freezing their lines, waiting for better knowl-
edge about how to grow their lines more effectively. At that point
I did not focus my attention personally on mouse feeders or others
because there was no other technique known.

Five weeks ago, with the report of a very specific method that
was able to wean NIH-available lines from mouse feeder to human
feeder, then it became very important to know. So I may have
missed a turn, but frankly the point became of acute relevance
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when finally a technique was publicly described that could do that.
That is my approach to it.
Senator SPECTER. Well, I have your points and I have noted my
disagreement as to the relevance of technique as a critical factor.
Senator Harkin says I should go ahead. I have quite a lot more
to say, but I do not like to go over the time, even though I am the
chairman. I am going to defer to Senator Harkin.

OPENING STATEMENT OF SENATOR TOM HARKIN

Senator HARKIN. This is very important, and I back you whole-
heartedly on this thing. I did not want to interrupt you.

Senator SPECTER. Okay, you have talked me into it.

Senator HARKIN. But I do want to have a couple of questions, but
I just did not want to interrupt you.

Mr. Chairman, first of all, thank you very much for having this
hearing. I listened very closely to your line of questioning and we
have talked about this. I think what we are finding out here is very
upsetting. It is very upsetting as we try to get the correct informa-
tion on which we can base our decisions here, because we are get-
ting contradictory information.

Now, there may be reasons for that, but you can understand that
when things like this come out it makes us question whether or not
we are really getting correct information. It makes me wonder if
the information process at NIH has been politicized.

Senator SPECTER. Permit me to interrupt you for just 1 second.
I have to be at the Judiciary Committee markup for a moment or
two and this is a good time for me to break, leaving the questioning
with you, and I will return very shortly.

Senator HARKIN [presiding]. Okay.

So it just makes me wonder if the information process has been
politicized at NIH, and I hope that that is not the case because we
have to get to the science without political shading on this thing.

Now, I wanted to just talk a little bit about what has happened
with this recent sort of revelation. I understand there is a lot of
debate in the field about the best way to grow human embryonic
stem cells. It is possible that these cells might grow differently de-
pending on whether you use mouse feeder cells, human feeder cells,
or no feeder cells at all.

Studying these differences is important, scientists tell me, be-
cause before you use stem cells in a human you have got to make
sure they are safe. There is a contamination problem of those cells
coming in contact with mouse feeder cells or other human feeder
cells. But as I understand it, all 11 stem cell lines that are cur-
rently available to federally-funded researchers were grown using
mouse feeder cells; is that correct?

Dr. ZERHOUNI. That is correct.

Senator HARKIN. Thank you. Now, apparently scientists in Swe-
den have grown four or five—I wish I knew; I have heard four and
I have heard five—lines without feeder cells; is that correct?

Dr. ZERHOUNI. There is no published paper. This is a verbal com-
munication of that fact. Yes, that is a statement, that is correct.

Senator HARKIN. So you do not know whether they really have
or have not grown four or five cell lines without using feeders?
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Dr. ZERHOUNI. They are asserting that they have. I have no peer-
reviewed fully published method and paper to be categorical about
it, but this is what they have told us.

Dr. BATTEY. Mr. Harkin, nor do we know how well characterized
those cells are, growing in a feeder-free state. We do not know
whether or not they can differentiate into all the major lineages.
We do not know whether or not they can be continually self-re-
newed. We do not know whether or not they will remain
karyotypically normal in their genome, in their karyotype, over
long periods of time.

All those are issues that need to be addressed. So that is why
Dr. Zerhouni refers to peer-reviewed papers and that is why that
is the gold standard for the scientific community, and we need a
gold standard because otherwise we will end up mired in con-
troversy and contradictory information, which has been an issue
that you and Senator Specter have raised.

Senator HARKIN. Okay. Accepting that, then would it not be help-
ful to scientists to be able to compare these four or five lines with
the 11 lines that they have available? Would it be helpful to sci-
entists to compare that or not?

Dr. ZERHOUNI. You know, the issue in stem cell lines is always
to try to expand them reliably so they are available to the scientific
community at large. We have funded studies by NIH of scientific
groups to find and discover ways of growing cell lines without
human feeder—without mouse feeder layers. We have funded that.
We are currently funding——

Senator HARKIN. With human feeder cells?

Dr. ZERHOUNI. With human or even trying not to have any cell
whatsoever to support the growth. So your statement is correct, we
need to discover the molecular factors that control that growth and
keeps those cells growing vigorously, but at the same time not dif-
ferentiating into lines of cells that we desire or not desire.

So the answer is we are pushing the research. The question is,
as you well know, it is difficult to grow cell lines. It took us a year
to be able to expand them. We are working to expand those other
lines so that we can have them.

Senator HARKIN. It does take time. It takes a year.

Dr. ZERHOUNI. It takes a year to expand a line, yes, it does.

Senator HARKIN. So you have got 11 now?

Dr. ZERHOUNI. Right.

Senator HARKIN. They have all been contaminated—well, that is
the word I use. They have come in contact with mouse feeder cells.

Dr. ZERHOUNI. Come in contact, right.

Senator HARKIN. To the best of our knowledge here at this com-
mittee, I know of no lines that have been developed in this country
that have been developed without using either mouse feeder cells
or human feeder cells. Is that correct, Dr. Battey?

Dr. ZERHOUNI. There is a study—there is a scientific group at
Johns Hopkins who just reported about 5 weeks ago a validated
technique, well-described technique, where they have been able to
take human stem cells that had been initially grown on mouse
feeder cells, these are NIH-available lines

Senator HARKIN. And they separated them out.
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Dr. ZERHOUNI [continuing]. And then they separated them out.
But you know, Senator

Senator HARKIN. I know that. But still, they separated them out,
but we still do not know whether or not they might carry some con-
tamination with them.

Dr. ZERHOUNI. Well, we do not know that. But the key, the key
element here, is that until these papers appeared, no one had dis-
covered the way to do it.

Senator HARKIN. I think, Dr. Zerhouni, the key element here is
if in fact, which I do not know, but if in fact there are four or five
lines in Sweden, lines that have been developed—I do not mean
the}ci1 are still in the frozen blastocyst stage, but have been devel-
oped——

Dr. ZERHOUNI. Right, right.

Senator HARKIN [continuing]. Without using any kind of feeder
cells, it would seem to me that we would want to jump on that, get
those lines out, get them to researchers in this country as fast as
possible, to start comparing them and to see whether or not we can
develop those even further on, because, as you just stated, it takes
another year. It takes a year. And you know, when we have got
people who—that is another year of time. Why not use those four
or five lines that we have in Sweden? Why not?

Dr. ZERHOUNI. We do not have those lines. They are in very early
stages of defining a technique. Even the Swedes themselves have
not published their methods. They are asserting that they are in
the early stages of thinking that they have made some advances
that will allow them to define the technique.

At this point it is very preliminary and it is not scientifically es-
tablished. So we want to encourage them. We have funded that
group to find out what are the conditions. We have funded many
groups, including the group at Hopkins and other grants, to try to
accelerate our understanding of how you grow these cells without
mouse feeder cell lines.

Senator HARKIN. But you do not know whether they have actu-
ally done that or not?

Dr. ZERHOUNI. We do not know that they have been successful.
They claim that they are seeing early signs that they are able to
do that, but with the caveats that Dr. Battey mentioned. They are
not characterized, we do not know whether they are differentiated
or not. There are lots of steps, Senator, that really—I can certainly
provide for the record the steps that are necessary.

Senator HARKIN. Is it safe to say that they are further along
than we are, though?

Dr. ZERHOUNI. No, I think not necessarily, because I do not know
how—well, again, I think we should be factual and facts in science
mean you publish the paper, it is peer-reviewed, the method is du-
plicated. The only two sources that we know have done that is
Johns Hopkins with their recent paper and a source in Singapore
that has claimed to have grown human feeder cells. But those cells
have not been expanded and made available to the research com-
munity that we know of after a year of describing that advance.

Senator HARKIN. Again, my understanding—you can correct me
if I am wrong—but that these lines that have been developed in
Sweden, however far they have been developed—now you have
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raised a question in my mind as to how far they have been devel-
oped, but it has been my information that they have been devel-
oped a lot further than anything in this country has ever been done
without using feeder cells. That is what I am talking about, okay,
that they have taken this process a lot further than what we have
here.

Dr. ZERHOUNI. Right. Again, you are asking me to comment on
a sentence, a verbal description, without really having the ability
to have the scientific process look at it, Senator. So I think we need
to really be very watchful. What I can tell you is that I and NIH
are absolutely on every single piece of information that we can get
to try to accelerate the field. But it is a difficult field. It is not easy.

Senator HARKIN. If those four or five lines were derived after Au-
gust 9, 2001, does that limit you? I mean, I understand they were
derived after August 9, 2001, Dr. Zerhouni.

Dr. ZERHOUNI. Right, and those would not be eligible for Federal
funding.

Senator HARKIN. But you just told me that you had people inves-
tigating this.

Dr. ZERHOUNI. We are——

Senator HARKIN. But they are not eligible for Federal funding.
Okay, now we are getting to where I want to get.

Dr. ZERHOUNI. Okay.

Senator HARKIN. You are right. These cell lines which have been
developed much further than anything we have done here in terms
of not using feeder cells——

Dr. ZERHOUNI. “Much further than anything we have done,” 1
would not be sure about the statement because we do not know
what they have done. They have not published, they have not
shared that information, publicly.

Senator HARKIN. Well, if it were true, if in fact they have been
developed further, would you not want to compare them with what
we have here?

Dr. ZERHOUNI. Right, and the strategy is multi-pronged. You can-
not just rely on one technique or one source. My prodding of our
own strategy is to really fund multiple groups of investigators.
Now, what the Swedes are doing is they are trying to discover what
we are trying to discover, a reliable technique to grow these cells
without feeder layers. They say they have made some progress. We
are looking forward for them making as much progress as possible,
because we have heard about progress before that did not mate-
rialize.

Once that is done, the cells that are not yet expanded will hope-
fully be expanded with those new methods successfully at the same
success rate that we have had with mouse feeder cells. That is the
strategy, Senator.

Senator HARKIN. If it were true that they have developed these
further and you wanted to federally fund researchers in this coun-
try to compare these cells, these cell lines, with what we have now,
you would not be able to do it.

Dr. ZERHOUNI. No, not necessarily, Senator, because we have a
characterization unit that I have just described in my oral state-
ment, which compares all the lines, the ones that are available cur-
rently, the 11 lines. If they were to develop a reliable method,
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which we are really seeking and actively promoting and pushing
scientists to do, as soon as that method is available they will ex-
pand their frozen, 16 frozen lines that have not seen any:

Senator HARKIN. I am talking about the lines in Sweden, Dr.
Zerhouni.

Dr. ZERHOUNI. Right.

Senator HARKIN. Listen, I think we are getting off on the 16 lines
that are frozen here.

Dr. ZERHOUNI. You are asking me

Senator HARKIN. I am not talking about those. Those were frozen
before August 9, 2001.

Dr. ZERHOUNI. That is right.

Senator HARKIN. It is my understanding that the ones that have
been developed not using feeder lines were developed from lines de-
rived after August 9, 2001.

Dr. ZERHOUNI. Correct.

Senator HARKIN. And I am saying if you wanted to compare
those with what we have done here, you would not be able to do
it under the guidelines.

Dr. ZERHOUNI. We will be able to fund any of the eligible lines,
including——

Senator HARKIN. Eligible lines.

Dr. ZERHOUNI. Can I finish? Including the ones that they could
develop that were derived before August 9, 2001, with Federal
funds. Any researcher can use other funds to compare, if those
lines were available, compare those lines to the federally funded
lines. We are not preventing that from happening.

Senator HARKIN. Okay, those were the 16 lines that you are talk-
ing about that were developed before August 9.

Dr. ZERHOUNI. Right. In other words, we will fund the Swedish
researchers once we know that they have a reliable, scientifically-
established technique to develop lines on human feeder cells that
will then go to the registry that we have in the characterization
unit to provide what you are asking for.

Senator HARKIN. Okay.

Dr. ZERHOUNI. And no scientist is prevented in this country from
doing that, and we are not preventing anyone from using federally
funded lines as well as non-federally funded lines and still be fund-
ed by NIH.

Senator HARKIN. What is the difference between the four or five
cell lines that we have heard about, that you are saying you do not
have good scientific data on, the four or five lines that we have
heard about in Sweden, that have been developed to some point—
I do not know where they are, at what point on the spectrum they
are—the four or five lines that have been developed without using
any feeder cells, what is the difference between those, using those,
and taking the 16 that are still frozen and developing those?

Dr. ZERHOUNI. Well, first, again

Senator HARKIN. What is the difference?

Dr. ZERHOUNI. The difference is that this is hearsay and we do
not know that that information is valid, nor is it clear to us that
the methods that they are exploring are going to be effective even-
tually. If proven effective and efficient, then we certainly would
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want to see these methods transported to the 16 cell lines that are
eligible for Federal funding and fund those.

But this is hearsay at this point. We cannot, as you mention
yourself—I want to be factual and solid in terms of what we know,
rather than—and avoid any——

Senator HARKIN. How long will it take you to find out whether
or not those four or five lines have been developed and the status
of them? How long will it take you to find that out?

Dr. ZERHOUNI. Obviously, researchers are to publish their re-
sults, to submit their methodology. It is really not in my hands. It
is in the hands of the Swedish researchers to demonstrate the va-
lidity of their claim, the hearsay claim. But at this point I am look-
ing forward and encouraging them to promote—to make those find-
ings public so that we can exploit them as quickly as we can.

Senator HARKIN. Okay. I guess there is a hypothetical I am ask-
ing here and maybe that is not fair for me to do that. But I am
asking a hypothetical, that if in fact—I will just make the point.
I will not ask the question. I will make the point. If in fact those
cell lines were derived and developed without using feeder cells
and they are viable for further, for further differentiation, what I
hear you saying is that, we will take that information and then we
can apply that to the 16 that are still frozen, and then we can use
Federal funds to take that information and apply it to those 16
lines.

Well, it seems to me that then what you are saying is you are
basically wasting 1 year, maybe 1% years or more, of time, because
it is going to take you 1 year to develop those 16 lines. The only
difference, Dr. Zerhouni, between those four or five lines that may
be there and may be developed, ready for differentiation, and the
16 that are frozen, the only difference is August 9, 2001. That is
the only difference.

I ask you as a scientist, is that a scientific basis?

Dr. ZERHOUNI. The Federal funding decision that the President
made on August 9, 2001, is obviously a policy decision that is based
on more than scientific considerations.

Senator HARKIN. Right.

Dr. ZERHOUNI. He made the decision based on moral and ethical
considerations, allowing for the first time Federal funding from this
line of research, which had never been funded before. At the same
time, it does not preclude, preclude at all, the use of other funds
for learning about cells derived after August 9, 2001.

Senator HARKIN. Well, I do not need to get into the weeds with
you on that, Dr. Zerhouni. But I have often wondered why it is that
it is moral and ethical to use these cell lines that were derived
prior to 9 p.m.—I think that is the time—on August 9, 2001, but
it is not moral and ethical to use it if they were derived at 9:01
p.m. on August 9.

That has always eluded me, why that is so. I make this state-
ment only myself. You do not even have to comment on it. It is ar-
bitrary and in this case, where it holds so much promise for really
developing new cures and interventions, that we have handcuffed
our scientists in this country.

Now, if the response is that other universities around the world
can do it or that the private sector can do it and we do not have



15

to worry about it, well, then I am wondering what we are doing
with NIH and why we are putting so much money into NIH. Maybe
we ought to give the money to the private sector.

I am just—you know, I am expressing to you an extreme frustra-
tion. I will not speak for Senator Specter, but he and I have talked
about this a lot and this is an area of research and development
that commands us to move as aggressively as possible. Here we
have NIH, we have doubled the funding for NIH in the last 5
years. You have got a lot of money, we have got a lot of good re-
searchers in this country, and we could be moving rapidly.

Every time I see someone with Parkinson’s or I see someone with
spinal cord injury or I see someone with Alzheimer’s, I mean, you
just keep asking the question: Why are we not moving more ag-
gressively on this? The only answer I can give them is because of
August 9, 2001, which is an arbitrary something plucked out of the
air someplace and not a scientific basis, nor do I think it is moral
and ethical. I mean, we can discuss the moral and ethics, but to
put it on a timeframe like that, I just disagree with that.

Well, anyway, I am not asking you to comment on that at all.
But I have given you the sense of my frustration at least with this.
Then when we find out that we have these in Sweden—I guess my
question to you is, I know they have got to peer review and they
have got to publish and stuff, but I would assume, Dr. Battey, since
you are the head of the group at NIH, that you have dispatched
some of our researchers to go over and take a look at it.

Dr. BATTEY. We are following the progress of this research very
carefully, along with all the other breakthroughs that are taking
place. If T could just reassure you a little bit about the progress
that is being made in this field, I think availability of cell lines is
a very important issue, and I think that this subcommittee is right
to focus on the availability of cell lines. It is a key issue. It will
continue to be a key issue as we move forward.

But equally key is developing a cadre of investigators that is
ready to write research grant applications. The success rate for a
human embryonic stem cell research grant application is the same
as any other grant application. The reason why, as Senator Specter
pointed out, we have so much less funding in human embryonic
stem cells is that we are getting fewer grant applications.

We need to develop a pool of young and mid-career investigators
that are able to write these grant applications and compete suc-
cessfully for the funds. We are doing that with our hands-on train-
ing courses. I had the privilege of being at one just a couple of
weeks ago at the University of Pittsburgh headed up by Dr. Gerald
Schatten, who has testified before this subcommittee. There will be
four others this year, each of whom will train 15 to 25 investigators
in the hands-on techniques required to culture the cells.

In my looking at where we are with human embryonic stem cell
research, I think that is really the rate-limiting resource for mov-
ing things forward in this country. Let me assure you that we are
addressing that as vigorously as we possibly can.

Senator HARKIN. Thank you very much, Dr. Battey.

Dr. Zerhouni, do you have something?

Dr. ZERHOUNI. Well, I would like to echo also some of the state-
ments that Dr. Battey made, but also your concerns about whether
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or not we are doing everything we need to do in this field. Again,
it is very important for us to be able to fund the teams, the train-
ing, the understanding of the very, very early milestones and steps
that need to be overcome for any therapy to become real.

I do not want to impart in any way that we at NIH are not as
vigorously and as enthusiastically pursuing all areas of opportunity
in this field of science, and we are in every way possible pushing
the field. Now, the field is very young. It is only 18 months since
funding has been allowed in this field. It is, as you well know, a
long process to go from a new technique to the development of a
therapy. Even regular drugs take 12, 13 years to develop. Genetic
therapy, gene therapy, is still a field that is evolving.

I think we need to enlarge the base of knowledge as much as we
can. I will tell you, I am committed to doing that without any
politicization whatsoever. At least you have my commitment of
that, Senator.

Senator HARKIN. Thank you, Dr. Zerhouni.

Thank you, Senator Specter. I have no more questions.

Senator SPECTER [presiding]. Dr. Zerhouni, there were reports
from Singapore last year that described methods to grow stem cells
without mouse feeders. Why didn’t that issue become relevant at
that time?

Dr. ZERHOUNI. It is a very good question. I heard about those re-
ports. The technique, however, was not shared openly. We could
not understand exactly the source and the methods that, at least
at my level——

Senator SPECTER. Did you ask about the technique?

Dr. ZERHOUNI. Yes, we did. But you know, again, these are pri-
vate sources who are protecting intellectual property and not all
private sources are forthcoming with the details of what they do.

Senator SPECTER. Well, did you need to know the details of the
technique in order to pursue the question about the availability of
stem cell lines not grown on mouse feeder?

Dr. ZERHOUNI. Well, again, if I have only one technique avail-
able, which was the only one we knew, and another supposed hear-
say—I mean, technique where we do not have necessarily the abil-
ity to implement and use it, then the question becomes you cannot
move until you have that in the public domain, that we can under-
stand how they are doing it and why we would use it and expand
it.

It is the same question Senator Harkin was asking about hear-
say of new methods and new approaches. As long as we do not
have public access to them, it is very hard for us to exploit that
advance.

Senator SPECTER. Dr. Zerhouni, with respect to the reasons
which I have articulated earlier and we discussed when we met in-
formally 2 days ago, the reasons for additional lines, is it not im-
portant to have genetic diversity and is it not important to have
a comparison of lines grown using mouse feeders and lines grown
without mouse feeders as the second reason for additional lines;
and the third reason the need for lines grown without mouse feed-
ers for use in treatment? Are those not very strong reasons why
there ought to be additional stem cell lines?
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Dr. ZERHOUNI. We just discussed the issue between human feed-
ers and mouse feeders. The real scientific goal is to understand the
molecular signals that the feeder cells are sending to the stem cells
to make them grow effectively and appropriately. That is the goal
of that research, and we are pushing that research. We are funding
grants to find out what are those molecular signals so we can have
better growth conditions.

So that is very important, you are correct. The key thing there
is to eventually make a breakthrough, which we will, in finding
culture methods that do not rely on either mouse or human, al-
though either one of those does not prevent therapeutic application.
We can still proceed. But it would be in my mind better to not use
animal feeders or human feeder layers.

Senator SPECTER. Well, are not these reasons to have more stem
cell lines available sound?

Dr. ZERHOUNI. I think what is very important in the early stage
of any research is to have very well characterized lines that all re-
searchers can use and compare. Even in very developed fields of re-
search, having too many lines early on where you do not under-
stand all the mechanism is not necessarily the best strategy. And
my colleagues across the stem cell task force and around the coun-
try will all tell you that when you want to make progress, for ex-
ample, you do not want to have too much diversity early on. You
want to understand the mechanisms and then go deeper into the
understanding of the mechanism.

Example: the human genome. We know that no more than six in-
dividuals contributed to the human genome and now that we have
completed the genome we are looking at genetic variation. Mouse
stem cells research is done on a handful of cell lines, and Dr.
McKay here could give you the exact number. We have, for exam-
ple, at NIH funded a large project on human cell signaling, how to
find out how cells signal, that a Nobel laureate is directing, Dr. Al
Gilman. All of that project is focused on two types of cells.

In every early phase of science, you need to have first and fore-
most comparable, well-characterized material that a large number
of scientists can use, and this is the strategy that I have been
pushing since I became NIH director.

Senator SPECTER. Well, reluctant as I am to disagree with a man
of your background, I do. It seems to me that if there were more
lines, more research, we would get there faster.

Is it not fair to say, Dr. Zerhouni, that the vast majority of sci-
entists disagree with your position and are in favor of——

Dr. ZERHOUNI. Again, I have to——

Senator SPECTER. You cannot even find one non-NIH scientist to
come forward and back you up on this issue about whether there
are other stem cell lines without mouse feeders? Isn’t the official
NIH position pretty much isolated?

Dr. ZERHOUNI. Well, Senator, I have put a process in place which
is open and transparent, which is the stem cell task force. I have
on it scientists who have recently published in Science magazine,
and Dr. Battey can comment, people who have been very outspoken
about different views on the policy: Dr. Weissman, Dr. Brigid
Hogan, others who are on—Dr. Curt Civin. And I am——
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Senator SPECTER. Are any of them saying that it is a disadvan-
tage, that we should not pursue more stem cell lines?

Dr. ZERHOUNI. My discussion with them is this: Bring facts to
the table that will inform us what is it we need to do today to ac-
celerate this field. They are coming to that table. They are telling
me what we need to do, and I am trying to implement every part
of it through that process.

The issue of willing to testify, not willing to testify, is obviously
more complex than just a scientific issue. I really have not focused
on that particular aspect. But I have to say that all the scientists
I talk to, all are welcoming of the openness of the process and their
ability to come and state what is it that is needed. And I am wel-
coming any one of them to do so and do so transparently.

Senator SPECTER. I commend you on the process, but that does
not focus on the narrow question which I have asked you, whether
the vast majority of scientists think it would be desirable, NIH sci-
entists, to have more stem cell lines available for research.

Dr. ZERHOUNI. Well, that is a question that I am willing to pose
and ask. But I do not know that at this point one has enough
knowledge. At the last hearing, for example, that you conducted,
Senator, Dr. Roger Pederson stated that for the state of the science
as we know it 10 to 12 cell lines might be sufficient, and then
based on the knowledge that we accumulate from that we will
know where to go.

I can only deal with facts, not whether or not someone could or
could not express an opinion. I can only deal with providing the
medium for those discussions to occur. I am doing it and that is
my commitment to this field. I am not in any way, shape, or form
trying to slow down or, as implied, not respond to the scientific
community. I am.

Senator SPECTER. Okay, thank you very much, Dr. Zerhouni.

Would you care to add anything, Dr. Battey?

Dr. BATTEY. Only that the scientific community has articulated
a number of needs to move the stem cell research area forward, in-
cluding availability of cell lines, including enabling more investiga-
tors to become versed in the art of culturing cells, including pro-
viding standardized culture conditions under which all the cells
could be grown. There are a whole list of things that the commu-
nity has told us we need to do and we are vigorously going after
all of those things.

I just want the subcommittee to understand that we share your
enthusiasm for this area of research. I think it is an extraordinary
breakthrough.

Senator SPECTER. But you are not vigorously going after the
availability of more stem cell lines.

Dr. BATTEY. We are funding infrastructure awards to expand to
distribution level cell lines that are available on the NIH registry.
That will increase the diversity of cell lines that are available for
the community.

Senator SPECTER. Well, perhaps I should not editorialize, but it
is an occupational hazard of Senators. Senator Harkin told me he
editorialized.

We do not have to tout what enthusiasm we have brought to the
appropriations process, from $12 billion to $27.5 billion. And not to
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have the full range of scientific freedom to use all that money is
discouraging.

Thank you very much, gentlemen.

Dr. ZERHOUNI. Thank you, sir.

STATEMENT OF RONALD McKAY, Ph.D., SENIOR INVESTIGATOR, NA-
TIONAL INSTITUTE ON NEUROLOGICAL DISORDERS AND
STROKE, NATIONAL INSTITUTES OF HEALTH, DEPARTMENT OF
HEALTH AND HUMAN SERVICES

Senator SPECTER. We will now go to the second panel: Dr. Ronald
McKay, Dr. John Kessler, Dr. Ron Ogle, Mr. James Cordy. Dr. Ron-
ald McKay joined the National Institute on Neurological Disorders
and Stroke as chief of the Laboratory for Molecular Biology in
1993, received his undergraduate and doctorate degrees from the
University of Edinburgh.

Dr. McKay, thank you for joining us and we look forward to your
testimony.

Dr. McKAY. Mr. Chairman, Senator Harkin, it is an honor for me
to have an opportunity to talk to you. I think, rather than just go
through the document that I have provided, let me just summarize
by just going to the last page the sort of major issues that I think
are relevant. So in the statement that I provided I placed the spe-
cific issue of mouse feeder cells in a wider context of characterizing
human ES cells, and I stated that there is new data coming from
several groups, including our own, that confirms that human ES
cells can differentiate to cells of great clinical interest.

I comment in the statement that there are many potential
sources of problems as we move forward with this technology, and
I specifically discuss the idea that in the cells that are available to
us that the exposure to mouse feeder cells and the concern that we
have with it should be thought of as one of a general class of prob-
lems where the cells have a history which is irreversible which
makes them sub-optimal.

So if you are working with a restricted group of cells which has
been generated at a particular point in time and these cells, for ex-
ample, have been exposed to mouse feeder cells and the mouse
feeder cells do something to these cells which you can no longer
manipulate and that perturbation of the cells has serious con-
sequences, then clearly this is an issue that we need to address if
we are going to use this technology.

But what I say is that that is one of several kinds of change that
could happen as you grow cells and when you grow cells you need
to be very concerned with these changes. Another change that is
a great concern in our day-to-day work is not the introduction of
a genome from a pathogenic organism coming from the mouse cells,
but some manipulation of the genome in the human genome itself
in the cell which would make the cell no longer normal.

So I share your concern with the idea that these cells need to
be—that their history, what happens to the cells, is of great inter-
est and importance. But what I think is also important for me to
say is that this is one of many issues that we will need to address
as we move this technology forward. And I am not trying to dimin-
ish the importance of this issue at all. What I am trying to say is
that as one develops these complex new technologies there are
many occasions when it is important for the—let me put it this
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way, where we have to exercise leadership. And this is one, but
there will be many others as we develop these techniques.

I should say also that in my work on this issue the subject that
you are raising today is of great personal concern to me and I think
about it constantly, and I am confident that NIH is promoting work
in this area which is at the edge of this field. And the idea that
we will set up a unit at NIH to compare the human ES cells that
are available under Federal funds, to study under Federal funds,
at present is I believe a really important thing to do.

I think I will close by saying that I am in the lucky position that
I do not have to speak policy for NIH. I can just speak to you as
a scientist, which is I understand something that you seek. Both
in my role as director of the characterization unit and also just as
an individual who is interested in this area, that I am quite re-
laxed in giving you a completely candid view of where the tech-
nology stands at present.

If I thought that the mouse feeder cells posed a really serious in-
hibition of what I might do tomorrow in my research team, I would
tell you so.

PREPARED STATEMENT

Senator Harkin, you used the word “handcuffed” and I just want
to say that I have thought about this very precisely in my own pro-
fessional career, and if I felt handcuffed I would no longer be a
Federal employee. And I am quite confident that if a situation
arises where I feel that our efforts in this area are seriously im-
pinged by our availability to cells, that I can convey that opinion
strongly to Dr. Battey and Dr. Zerhouni. And I am also very im-
pressed by your specific interest in this area.

So I would be happy to expand on any of these points, and thank
you for this opportunity.

[The statement follows:]

PREPARED STATEMENT OF DR. RONALD McKAy

Mr. Chairman, Senator Harkin, and Members of the Subcommittee, I am pleased
to appear before you today to testify about human embryonic stem cell research.
Human Embryonic Stem (ES) cells have been proposed as a limitless source for the
many specific cell types of the adult body. Cells obtained in this way will likely have
many uses in the future, including the development of new cell therapies for degen-
erative diseases. There is wide agreement on the potential importance of knowledge
about stem cells but much of this information comes from work on mouse ES cells.
In the last few months, published reports have shown that mouse ES cells can gen-
erate cells of the skin, blood, brain and pancreas. Even in the mouse system there
are technical questions we do not fully understand but there is no doubt that mouse
ES cells can be used to generate many somatic cell types.There is clear evidence
that human ES cells will form teratomas, complex mixtures of different cells, but
much less is known about efficiently generating specific cell types. There are encour-
aging published reports of a preliminary nature but the research and biotech com-
munities still needs to demonstrate that human ES cells can rapidly generate large
numbers of a specific cell type of clinical interest. The recent wider access to human
ES cells made possible by the President’s decision of August 9, 2001 will accelerate
progress on this question and I am confident that procedures for making some of
the human cells that most interest us will be reported in detail in the next few
months.As this area is new and rapidly developing, the major technical barriers that
may slow our progress are not understood. However, some of the potential difficul-
ties can be anticipated. The human ES cells may be difficult to grow and differen-
tiate. Their genome may be unstable. The different cells may show very different
properties resulting from their genetic origin. There may be unexpected difficulties
in taking the cells to a point where they are clinically relevant. And once we have
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obtained the differentiated cells, it may be difficult to integrate these cells with the
other cells of the body. All of these possibilities may be influenced by the history
of the cell line. There are several variables that differ when human ES cells were
first placed in culture by different research teams around the world. But in the first
wave of work most success was obtained by growing the human cells in the company
of a supporting mouse cell. This procedure was derived from data showing that
mouse ES cells grow well in the presence of another cell type, a fibroblast. We do
not know the exact reason for the effects of this interaction. Workers in the field
still actively discuss whether one or another type of mouse fibroblast is more effec-
tive. Recent work suggests that the beneficial effects of mouse cells can be replaced
by human cells or by introducing specific chemicals into the environment that sup-
ports the human cells. There are many possible ways that differences in the growth
conditions could influence the properties of the human ES cells. But there are two
simple questions that must be asked: Can we accurately measure these effects of
these different growth conditions and do they cause irreversible harm to the human
ES cell lines? The answer to the first question is yes, but as we have discussed
above, we are still developing the techniques to accurately measure all the inter-
esting properties of human ES cells. So today, we cannot compare precisely the
properties of cells grown under different conditions. A detailed answer to the second
question depends on having access to these techniques. However, it is clear that any
major irreversible change would immediately influence the use of an existing cell
lines. The genome carries biological information through time so it is important to
establish if the ES cells carry alterations in their own genes or harbor genes from
other organisms that significantly affect their properties. Many cells carry patho-
gens that would have no practical consequences but we are explicitly concerned that
the human ES cells have acquired significant genetic changes from any stage of
their previous history.

These problems have been clearly stated by the biomedical research community
in discussions held by the NIH Stem Cell Task Force. The NIH response to these
concerns is outlined in Dr. Zerhouni’s statement but it might be useful for me to
amplify on the resources and role of the Human ES Cell Characterization Unit that
Dr. Zerhouni has asked me to direct. The ES Unit has been established to directly
compare the cell lines that are available on the NIH stem cell registry. The groups
holding intellectual property rights have agreed to allow the ES Cell Unit to com-
pare the available cells and provide open access to this information. Space has been
renovated, equipment is being purchased and we hope to have a core team of four
scientists at work in 3 or 4 weeks. We are building strong contacts with scientists
in this country and overseas to acquire additional eligible cells. This work is mon-
itored by a committee that includes senior investigators at other medical research
facilities. This project has been actively sponsored by Dr. Zerhouni, the Director of
the Intramural Research Program, Dr. Gottesman and Dr. Battey. We will compare
ES cells with adult stem cells that may be pluripotent and move quickly to analyze
as many of the critical features of these cells as possible. The genetic composition
of these cells will be one of several measures that we use to define the cells. Our
immediate goal is to rapidly develop the Human ES Cell Unit as a source of high-
quality information that will allow informed use of these cells.In this statement, I
have placed the specific issue of mouse feeder in cells in the wider context of charac-
terizing human ES cells. New data confirms that human ES cells can differentiate
to cells of great clinical interest. We are all aware that there are many potential
sources of problems as we move forward with this exciting technology. Should we
find that the currently available cells carry irreversible changes that restrict their
value, this information will be discussed openly without delay. But this specific
issue is only one of many that we must address as we explore the potential of
human ES cells. I am confident that the National Institutes of Health, here in Be-
thesda, will contribute both technical information and sound advice to the world-
wide effort needed to harness the benefits of stem cells.

Senator SPECTER. Thank you very much, Dr. McKay.

STATEMENT OF JOHN A. KESSLER, M.D., BOSHES PROFESSOR AND
CHAIRMAN, DAVEE DEPARTMENT OF NEUROLOGY, NORTH-
WESTERN UNIVERSITY MEDICAL SCHOOL

Senator SPECTER. We now turn to Dr. John Kessler, Professor at

Northwestern University Medical School. Thank you for joining us,

Dr. Kessler, and the floor is yours.
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Dr. KESSLER. Good morning, Chairman Specter and Senator Har-
kin. I am a researcher who has devoted his entire professional life
to developing techniques for regenerating the damaged nervous
system. I am also the father of a 17-year-old daughter, Allison, who
2 years ago suffered a spinal cord injury that confined her to a
wheelchair. So I am speaking to you today both as a scientist and
a representative of the many families who want to see stem cell
therapies reach their potential.

To avoid being redundant, since many of the issues I was going
to discuss specifically were brought up already, I would like to not
go through the prepared comments, but comment on some of the
issues. The issue of the feeder layers has come up. That is very im-
portant. I think all scientists know that NIH-funded scientists
should have cells available to them that were developed without
the mouse feeder layers to be able to compare to them.

Dr. McKay has brought up an even more important issue, name-
ly the history of the cells, the way they are derived, may change
their behavior. That means that simply focusing on one way of de-
riving the cells, simply saying, gee, we have one way that works,
now we are going to apply that to everything, will limit the field
of science. We will perhaps be developing cells the one way that is
not the optimal way. So we need to expand our ways of trying to
develop the cells.

The issue of genetic diversity is not one that I think has received
enough attention this morning. One of the things that we have
learned as stem cell biologists is that the genetic background abso-
lutely alters the behavior of the cells, and the genetic background
of a very, very limited number of cell lines that is available to us
may critically alter the properties of the cells, and there may be
other genetic backgrounds that would make them vastly more help-
ful for clinical uses.

So I think it is very, very important to focus on that. You know,
some individuals who oppose the derivation of new lines claim that
all relevant experiments can be done with the existing lines and
they overlook these two very critical facts, namely that the way
they are derived and the genetic background, the history of the
cells, will determine how they can be used.

We are all of us very grateful for NIH funding, myself included.
I am the recipient of four grants and a recent supplement for
human ES cell work. However, without question, NIH-funded re-
searchers are going to competitively find themselves at a disadvan-
tage with foreign scientists and with scientists in the private sec-
tor, and I think that is damaging to our mission. We simply will
not be able to compete if we cannot use the best techniques.

One of the other things that the NIH really should be doing is
developing a sponsored stem cell repository and registry, not just
for those very specific 11 lines, but for all new lines and all appro-
priate lines. This is a policy which a recent article in Science, a
large group of distinguished investigators, put forward as some-
thing that is really a necessity for the NIH, not just to deal with
those lines, but be a repository and a registry.

All the things we have discussed today I think are compelling
scientific reasons for me as a physician and a researcher. As a fa-
ther of someone—that has a daughter who is paralyzed with this
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kind of accident, I would really like to see all reasonable means
pursued for finding a cure for her and for the millions of people suf-
fering the diseases that Senator Harkin mentioned earlier.

PREPARED STATEMENT

I hope my comments today have helped to clarify both the social
and the scientific reasons for allowing federally funded researchers
to derive and study new lines. I thank you for your bipartisan and
consistent support for the NIH that you have mentioned in the
past. We are very grateful for it.

Thank you for allowing me to express my comments today.

[The statement follows:]

PREPARED STATEMENT OF DR. JOHN A. KESSLER

Good morning Chairman Specter, Senator Harkin, and other members of the Sub-
committee. I am Dr. John Kessler, Boshes Professor and Chairman of the Davee De-
partment of Neurology at Northwestern University’s Feinberg School of Medicine.
I am a researcher and physician who has devoted his entire professional life to try-
ing to develop techniques for regenerating the damaged nervous system. I am also
the father of a 17 year old daughter, Allison who two years ago suffered a spinal
cord injury that confined her to a wheelchair. I therefore speak to you both as a
scientist and as a representative of the many American families who wish to see
stem cell therapies reach their full potential.

Although the potential for using human embryonic stem cells for regeneration of
damaged or diseased organs is truly remarkable, it is clear that there are still sig-
nificant technical and biological issues to be addressed before embryonic stem cell
therapies can be instituted. Obstacles that delay the development of stem cell thera-
pies are counterproductive for all Americans. Federally funded research is currently
restricted to the study of an extremely small number of human embryonic stem cell
lines, and this research may not involve the derivation or study of new lines. This
policy is hindering the work of stem cell researchers, and these restrictions will be-
come progressively more damaging to the field with the passage of time.

What is the specific basis for this statement? First, there are major issues regard-
ing the techniques that were used to derive and maintain the cell lines that are cur-
rently approved under federal policy. All of these cell lines were developed using
animal feeder layers of cells to support them. The possibility of contamination with
mouse viruses or proteins poses unacceptable risks for use of these cells in patients,
and it is unlikely that any of these cells could ever be used clinically. Recently it
has become possible to grow embryonic stem cells without the need for animal feed-
er layers. Such cells should certainly be made available to federally funded research-
ers for their studies. More generally, the methods used to derive and maintain em-
bryonic stem cell lines may alter their properties, and it is essential for American
scientists to be able to utilize cell lines that were derived with the newest and best
technologies. The importance of these seemingly technical issues should not be un-
derestimated. To understand the point you need only look at how the supposed
number of approved stem cell lines dwindled from the more than sixty announced
initially to the mere dozen or so now reportedly available.

Studies of mouse embryonic stem cells have made it clear that the genetic back-
ground of stem cells exerts a very large but poorly understood effect on their biology.
Every stem cell line has a different complement of DNA, and new cell lines with
different genetic backgrounds may have different and important properties which
may be critical for their clinical use. This issue alone makes it vitally important to
be able to develop new lines. For example, although a myriad of mouse stem cell
lines have been derived, only a precious few have been useful for the experiments
involving homologous recombination that revolutionized the whole field of mouse ge-
netics. Genetic diversity is a wonderful thing, and limiting stem cell research to a
narrow and random source of cells is an extraordinary handicap for the study of
human embryonic stem cells. Such restrictions would have crippled the field of
mouse stem cell biology and genetics if they had been imposed on it. Those who op-
pose the derivation or use of new lines sometimes state that all relevant experi-
ments can be done with the few existing lines. This overlooks the crucial point that
they may be biased by the way the cells were derived or by their genetic background
and may therefore give unhelpful or even misleading results. Further they will all
have to be repeated with appropriate new lines before any clinical use could be con-
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templated. The field of stem cell biology should be allowed to proceed in a parallel
fashion on all fronts like every other field of biology. Past experience has made it
abundantly clear that allowing broader access to breakthrough discoveries and new
technologies greatly increases the likelihood of scientific innovation and of new
breakthroughs.

These issues highlight the biologic imperative for changing federal policy and
broadening NIH support for stem cell biology. Interestingly, the policy towards em-
bryonic stem cell research runs counter to NIH policies and general philosophy re-
garding research involving humans and human materials. Although individual in-
vestigators who use cell lines may be exempt from guidelines regarding human sub-
jects, the NIH has recognized that medical studies should, whenever possible, in-
clude subjects with a diversity of ethnic and racial backgrounds, and both sexes, and
that there may be subtle but important differences among groups that ultimately
are important for health care. What can be said in this regard about the 11 stem
cell lines currently available to federally funded investigators? Can investigators ex-
amine the role of such differences in the biology of stem cells? Will there be the sta-
tistical power to study how different genotypes influence the phenotypes of cells that
differentiate from embryonic stem cells? Will stem cell therapies be designed only
for the genetic backgrounds of the Americans in Wisconsin and elsewhere who do-
nated the embryos for these 11 lines? Thus, in addition to the scientific rationale
for changing federal policy, there is also the social imperative to perform medical
research that is applicable to all Americans.

Fortunately non-federally funded researchers and researchers from other nations
have been developing new cell lines and have been advancing the field with new
skills and techniques. However this raises the issue that the limitations imposed on
federally-funded researchers will inevitably result in the most advanced work being
done by industry or by scientists in other nations. Market forces and foreign govern-
ments may then dictate the course of science and medicine without regard to the
overall social benefit of Americans. Moreover American scientists will eventually
find that they can no longer compete with foreign scientists. Some states may find
that their Universities are depleted of the best researchers who have chosen to go
either to states that have legislatively endorsed stem cell research or to other na-
tions. Federal funding is the best way to guarantee that stem cell therapies are de-
veloped with the greatest concern for the public welfare. It is also the best way to
assure that the highest ethical standards are maintained with federal oversight. For
example, an NIH sponsored stem cell repository and registry that includes all new
and appropriate cell lines would serve both to maintain the highest scientific stand-
ards and to facilitate providing material to scientists.

Some individuals argue that multipotent stem cells that can be harvested from
mature tissues (“adult” stem cells) can be used in place of embryonic stem cells for
therapeutic purposes, and this is used as a political argument to limit studies of
human embryonic stem cells. However while it is clear that the embryonic stem cell
can generate virtually every adult type of tissue, it is unproven and highly debat-
able whether adult stem cells can produce tissues other than the organ from which
they are derived. My own laboratory has studied “adult” stem cells for more than
a decade, and most scientists encourage continued study of such cells. However such
research cannot substitute for the study of human embryonic stem cells.

As a physician and a researcher these are compelling scientific reasons for allow-
ing federally funded researchers to derive and work with new embryonic stem cell
lines. As a father whose daughter suffered a devastating spinal cord injury, there
are even more compelling reasons for pursuing every reasonable means of finding
a cure for Allison, and for the millions of other Americans who suffer from incapaci-
tating but potentially curable diseases. With regard to the ethical concerns about
deriving stem cell lines from embryos slated for destruction, I question whether it
is either moral or ethical to literally throw away a potential opportunity for treating
human disease. Those of you whose families, like mine, have been touched by seri-
ous disease are best equipped to fully understand the issues. Those of you who have
been more fortunate should carefully consider the overwhelming needs of Americans
who have been devastated by diseases like the one afflicting my daughter.

This discussion has focused principally on policies governing federal funding of re-
search on human embryonic stem cells. However I feel compelled to comment on an-
other major political issue confronting stem cell biology, the issue regarding somatic
cell nuclear transfer, often called therapeutic cloning. At the outset I want to em-
phasize that no responsible scientist wants to clone a human being, and that this
is not what this debate is about. The scientific and medical communities overwhelm-
ingly support a ban on such reproductive cloning. However the fear of abuse of the
technology should not lead to repudiation or criminalization of the benefits that can
be achieved. Nuclear transfer potentially offers the possibility of generating embry-
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onic stem cell lines that have the patient’s own DNA. Development of successful
techniques for accomplishing this would bypass all of the concerns about immune
rejection of transplanted cells or other problems that may ensue from genetic mis-
match between donor cells and host tissues. What about concerns about potential
abuse of the technology? We learned on Sept. 11 that airplanes can be used to bring
down buildings. This does not mean that airplanes should be banned, but only that
inappropriate uses should be outlawed. The same is true of the technology involved
in somatic cell nuclear transfer. Irrational fears of this technology have even led to
proposed legislation that would impose criminal penalties on doctors or patients who
seek access to treatments developed in other countries using nuclear transfer meth-
odologies. I find it difficult to believe that the United States would enact legislation
that would prevent my daughter Allison from accessing a treatment that might en-
able her to walk again. I cannot believe that Americans with juvenile diabetes, Par-
kinson’s disease, Alzheimer’s disease, heart attack, or other such debilitating dis-
eases might be prevented from seeking effective treatments. I implore you to distin-
guish between reproductive cloning, which can and should be banned, and nuclear
transfer techniques which may ultimately lead to treatments for many dreaded dis-
ease.

I hope that my comments today have helped to clarify the scientific and social im-
peratives for allowing federally funded researchers to derive and study new human
embryonic stem cell lines. I thank all of you for your bipartisan and consistent sup-
port for NIH funding, and for providing an opportunity for me to express my views.

Senator SPECTER. Thank you. Thank you very much, Dr. Kessler.

STATEMENT OF ROY OGLE, Ph.D., ASSOCIATE PROFESSOR OF NEURO-
SURGERY AND CELL BIOLOGY, UNIVERSITY OF VIRGINIA MED-
ICAL SCHOOL

Senator SPECTER. Our next witness is Dr. Roy Ogle, Associate
Professor at the University of Virginia. He received both his under-
graduate and Ph.D. from the University of Virginia. We look for-
ward to your testimony, Dr. Ogle.

Dr. OGLE. Thank you. It is an honor to be here.

I will try to focus on a couple of issues and reasons that I think
we need more stem cell lines that have not been mentioned, and
I would echo several of Dr. Kessler’s comments. First, I just want
to try to convey the excitement that those of us in this field have
right now and the enthusiasm we have for this. This is a fun time.
I love going to the lab in the morning during these days. This is
the most exciting thing that I have seen in my 31-year career.

We will be able to repair and replace diseased and defective cells
and tissues and deliver genes and drugs in ways that people could
scarcely imagine. This is going to happen. I really believe that re-
generative medicine therapies will happen. They will be standard
pr(allctice within the lifetime of some of the people in this room
today.

I want to reiterate the comment on our competitive disadvantage
with other countries where they have more cell lines. It is clear
that we are constrained in ways that scientists in Europe and Asia
are not. I know for a fact that China is making embryonic stem cell
research the cornerstone of their biotech industry from people that
I have been recruiting to come join my lab. So we need to keep up
in this area. We need to be the leaders.

As a scientific issue, clearly researchers need to be able to study
many more embryonic cell lines than are currently available. The
larger the number that we study, the better the statistical signifi-
cance. We must study a large enough sample size to account for in-
dividual variation in genetic makeup or polymorphisms in genes
that control the differentiation of the stem cells. We know this from
birth defect studies, from population studies.
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The United States is so diverse genetically that our hetero-
geneous genetic background is a serious confounding factor in
studying gene expression and the interaction of genes and environ-
ment. So the genes that make stem cells differentiate are often the
targets for birth defects. Although we do not yet know what varia-
bility exists among the genes governing developmental processes in
the cells isolated from different embryos, it is reasonable to assume
that such is the case.

It is gratifying that there has been excellent concordance in the
results obtained so far at Wisconsin and at Johns Hopkins, but
having so few cell lines is really of concern for other reasons. Each
cell division carries some possibility of acquisition of genetic muta-
tion. Cells in culture lack the protective mechanisms that those
have in the body or in vivo. So culture of such rapidly growing, vir-
tually immortal cells can rapidly amplify a genetic trait selected for
by accident or that occurs.

So we are really running the risk of characterizing cells that no
longer reflect the properties common to most embryos. We cannot
use the mouse cells for many reasons, and it is important to note
that it appears that the human mitotic apparatus is much more
fragile than that of other animals. So it is probably a barrier right
now, until we surmount it, to nuclear transfer.

There is a different complement of chromosomes. There are many
differences in these cell lines. So this work has to be done with
human lines.

I would like to give just a couple of examples of what we are
doing in my laboratory that I think emphasize the fact that those
of us who work more with adult stem cells than embryonic still
learn a lot. These cell lines probably interact or will interact in
their applications.

The most prudent approach to determining the optimal cells to
use for anything is to cast a broad net. Therefore, we are com-
paring stem cells that we have isolated from human liposuction
procedures, which are true adult stem cells. We are studying a cell
line that my lab has discovered from the dura mater, the lining of
the brain, that we will probably isolate in practice from fetuses, so
these could be considered a fetal line. And we are looking at the
human ES lines as well.

We are delivering undifferentiated stem cells along with those
that we have coaxed to become precursors of bone, neuronal cells,
and Schwann cells, and right now we are injecting them to try to
regenerate the sciatic nerve of rats.

At every step of our work we have been helped tremendously by
the advances that have been made in embryonic stem cell work. I
do not think we would be anywhere near where we are without
these.

But the last reason that I would really like to look at is that
these tissues actually—or these types of cells appear to act in con-
cert. Many of us know of the recent studies at Hopkins where they
have injected into paralyzed rats the differentiated cells from their
ES cell line. It is not those cells that are doing the repair. It ap-
pears that those cells are stimulating the cells lining the spinal
cord, perhaps my dura mater cells, to actually do the repair.
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So we have got to—no matter how great adult stem cells look,
we are going to have to study the embryonic together with the
adult to make sense of this whole thing.

PREPARED STATEMENT

I would like to finish by just, by being bold. I think we always
need to be bold in science, and I think we need to set a goal to as-
semble an immunotype library of human stem cell types that would
cover every histocompatibility set among our population, and that
we need to release for use those cells that are frozen, those em-
bryos that are frozen, that have been donated for these purposes.

Thank you very much.

[The statement follows:]

PREPARED STATEMENT OF DR. Roy OGLE

I am a developmental biologist and professor of Neurosurgery and Cell Biology at
the University of Virginia Medical School, where I conduct basic and applied re-
search into several types of stem cells including those from embryonic, fetal and
adult sources. My major funding source is the National Institute of Dental and
Craniofacial Research at NIH. The opinions expressed by me are those of a scientist
and individual, and not official positions of the University of Virginia or the Na-
tional Institutes of Health.

The rapid advances in stem cell science in recent years are the most exciting I
have witnessed in my 31-year career as a biologist. The new science of regenerative
medicine has been born from a convergence of stem cell biology, gene therapy, tissue
engineering, and materials science. We will be able to repair and replace diseased
and defective cells and tissues, and deliver genes and drugs in ways we could
scarcely imagine 10 years ago. I believe regenerative medical therapies will be
standard within the lifetimes of some of those present today.

The important studies that have fueled the progress were conducted with the sup-
port and review of the National Institutes of Health, with the exception of the pio-
neering human embryonic stem (ES) cell research. This work could not be done
under federal support. Many scientists in this country, myself included, wanted to
work with embryonic and fetal human tissues in the past, but simply could not find
a way to do so without federal support. There is little doubt we would be much clos-
er today to employing the technologies for repairing and replacing human tissues
using stem cells had this not been the case. As we attempt to realize the great
promise of regenerative medicine, we can accelerate the rate of discovery by making
{nany more lines available and by increasing the funding available to study the new
ines.

This area of science is attractive to many of the best students training for careers
in medicine, engineering and scientific research. My four brightest students of the
past few years have all chosen to pursue careers in stem cell research. As educators,
we can train outstanding young scientists anxious to devote their careers to regen-
erative medicine, but it is critical that they have the tools—including adequate num-
bers of independently derived human ES lines—for their graduate and post-doctoral
training as well as for establishing their own laboratories.

While scientists in this country are constrained by limited numbers of cell lines,
it is clear that many scientists in European and Asian countries are not. China, for
one, is making ES cell research the cornerstone of their biotechnology industry. We
must maintain our position of leadership in biomedical research for educational and
economic reasons as well as the scientific ones.

As a scientific issue, clearly researchers need to be able to study many more
human embryonic stem cell lines than are currently available. The larger the num-
ber of individual lines studied, the greater the statistical significance of the results.
We must study a large enough sample size to account for individual variation in
genetic make-up or polymorphisms in genes that control differentiation of stem cells.
The population of the United States is diverse genetically, and our heterogeneous
genetic background is a serious confounding factor in studying gene expression and
the interaction of genes and environment. We know from population studies of birth
defects—many of which are caused by mutations in genes that are the same ones
controlling differentiation in ES cells—these genes act differently in distinct genetic
backgrounds. Although we do not yet know what variability exists among the genes
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governing developmental processes in the cells isolated from different embryos, it
is reasonable to assume such is the case.

While it is gratifying that to date, there has been excellent concordance in the re-
sults obtained with distinct human ES lines in the laboratories of Drs. Thomson at
Wisconsin and Gearhart at Johns Hopkins, having so few lines under examination
is of concern. Each cell division carries some possibility of acquisition of genetic mu-
tation. Cells in culture lack some of the protective mechanisms afforded those in
vivo. Culture of such rapidly growing, virtually immortal cells can rapidly amplify
a genetic trait selected for by accident. Working with but a few lines carries the risk
of characterizing cells that no longer reflect the properties common to most embryos.

We cannot use the many mouse ES cells available to compensate for the limited
number of human ES cells. Human cells differ from other animal cells in important
ways, thus there really is no substitute. Human ES cells cannot be cultured in the
presence of antibiotics while mouse ES cells can. The cellular structures that move
chromosomes during cell division are different and more “fragile” than those of ani-
mals—a fact that has been suggested to be a major barrier to nuclear transfer tech-
nology. There is a different complement of chromosomes in human and mouse cells,
and undoubtedly other significant differences in human and other ES cells that we
have yet to discover.

In my laboratory we seek methods to regenerate bone and nerve. I feel the most
prudent approach to determine the optimal cells to use is casting a broad net, there-
fore, we are comparing stem cells isolated from human liposuction procedures—true
adult stem cells; cells we have discovered in the dura mater, the lining of the brain
and spine, which will probably be harvested from human fetal tissues; and human
ES lines obtained from the University of Wisconsin. We are delivering undifferen-
tiated stem cells along with those induced to become precursors of bone cells to ro-
dent models to determine the optimal methodology to engineer new bone. In other
studies we have succeeded in coaxing the fat-derived and dura mater stem cells to
become true neurons and Schwann cells, critical cell types in the regeneration of
nerve. We are currently testing the injection of both cell types to regenerate periph-
eral (sciatic) nerve, and hope to use a similar approach for regeneration of spinal
nerve fibers in the future. Very preliminary studies suggest under some cir-
cumstances the cells may be able to “home” to the sites of tissue injury upon injec-
tion, which if true, will greatly facilitate this regenerative technology. We have
drawn greatly on advances in culture and differentiation of ES cells in our study
of the adult and fetal stem cells. Even though it appears likely that adult stem cells
will find clinical applications before ES cells, progress in the ES research will clear-
ly advance adult stem cell research. Advances in biology always come with sur-
prises, so it would be foolish to not conduct rational experimentation, including com-
parisons of the stem cell types so there will be no doubt that the foundation of our
new discipline is sound.

There are other reasons we must study all stem cell types including ES cells. Dif-
ferent types of stem cells may work in concert to repair tissues. As discussed above,
we hope injected Schwann cells will release factors that signal nerve cells to extend
new axons, thereby repairing severed nerves. One recent study using the Johns-
Hopkins cell line showed that injection of neural cell progenitors derived from ES
cells into the spinal canals of paralyzed rats restored motion. The actual cells effect-
ing the repair were probably endogenous, “adult” stem cells—perhaps the dura
mater cells discovered in my laboratory, which were stimulated to act by factors re-
leased from the injected cells. There are also preliminary reports in the past week
of a European study in which similar cells were injected into animals with
demyelination similar to that of humans with multiple sclerosis. The differentiated
stem cells were reported to stimulate replacement of missing myelin of the nerve
sheaths. These studies underscore the fact that we cannot assume that support of
research using only or primarily adult stem cells will suffice to meet our goals in
advancing basic science and regenerative medicine.

Looking to the near future, a reasonable goal might be to assemble an
“Immunotype library” of human ES cells. Such a cell library would contain at least
one or more founder cell lines of each of the major human histocompatibility cat-
egories. Then the true advantages of the ES cells—unlimited potential to replicate
and total developmental plasticity—might be realized. Perhaps advances in
immunosuppression and transplantation will make this unnecessary. In any case,
we stand to uncover many of the mysteries of early development by having a larger
and more diverse set of cells, which are readily available to qualified researchers.

In summary, I believe that providing both increased funding and many more cell
lines for human ES cell research as soon as possible is critical to the future of
healthcare, science, education and the biotechnology industry in the United States.
It is hoped that the federal government will be involved in contracting and estab-
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lishing standards for the process of isolating and distributing additional ES lines.
There are reported to be many human embryos in the United States, which are fro-
zen and would be donated for research purposes if allowed or otherwise destroyed.
While ethical debates continue on creation of embryos for research, can we not make
use of those no longer needed for reproduction?

Senator SPECTER. Thank you very much, Dr. Ogle.

STATEMENT OF JAMES CORDY, FOUNDER, PARKINSON’S ALLIANCE,
ON BEHALF OF THE COALITION FOR THE ADVANCEMENT OF
MEDICAL RESEARCH

Senator SPECTER. We now turn to Mr. James Cordy, founder of
the Parkinson’s Alliance, a national group comprised and adminis-
tered by individuals with Parkinson’s disease. He served as presi-
dent of the Pittsburgh chapter and is a member of the board of di-
rectors. Mr. Cordy testified before this subcommittee back in 1999.
He has a great hourglass which he uses so effectively.

Mr. Cordy, in welcoming you here I listened very closely to the
statement of Dr. Ogle on everything, but especially when he said
there would be regenerative medicine within the lifetimes of people
who lare in this room today. And I just hope you are one of those
people.

Mr. CorDY. You and me both.

Senator SPECTER. I am sure of that. We look forward to your tes-
timony, sir.

Mr. CorDY. Let me just add to the credentials a new one. I was
present at the Pittsburgh course, a 3-week course of intensive stem
cell work, and I would be glad to share my observations at the end
of this presentation.

Mr. Chairman, ranking member, Senator Harkin, members of
the subcommittee, I thank you for the opportunity to testify today.
I am here representing the many millions who will benefit from the
human embryonic stem cell technology made possible by the dollars
you appropriate. I view my testimony here this morning as my 5
minutes to change the world. If I choose the right words and paint
the right picture, I hope to influence your decisions.

I am here on behalf of the Coalition for the Advancement of Med-
ical Research. My job today is to give you a view from the waiting
room of biomedical science, what it is like for us waiting for the
breakthroughs to happen. It is an awesome responsibility to rep-
resent over 100 million Americans who are likely to benefit—dis-
eases such as Parkinson’s and diabetes, heart disease, spinal cord
injuries, liver disease, and many more.

I hope to give you a glimpse not only of what it is like to have
a neurodegenerative disease, but also the staggering sense of de-
spair and frustration and even anger when you first receive that
diagnosis.

I use this hourglass I think fairly effectively to make two points:
first, to help those who do not have Parkinson’s appreciate the re-
lentless and ruthless progression of this disease. Just as the grains
of sand flow from this top chamber relentlessly, I lose dopamine-
producing neurons relentlessly from my upper chamber, my brain.
The result is a loss of functions, one after another after another.
The worst case scenario, the one that everyone who has Parkin-
son’s fears, is that which beset your colleague Mo Udall, who be-
came trapped in a body, unable to speak or talk or move.



30

Second, this hourglass also reminds everyone that we who have
Parkinson’s as well as many other diseases are in a race against
time. How do I feel about the need for increased stem cell lines?
You need only look at this hourglass. Time is not neutral. The
promise is so great for so many that we must have the scientific
equivalent of a full-court press.

I think we have asked our gifted scientists to play this full-court
press using only their left hand. As they are gifted scientists, they
may do very well with that restriction. But could they do better if
they did not have it?

Due to my advancing Parkinson’s and the increasingly erratic
and ineffective performance of my medication, my physical abilities
are eroding. My hands and legs sometimes shake and my body is
sometimes stiff. I can no longer tie my tie or tuck my shirt in. I
cannot shuffle papers or drive my car. I have lost facial expression,
sense of smell, and I now have a monotone voice.

But I consider myself fortunate for an individual who has had 15
years of Parkinson’s. For the several hours a day of my on/off cycle
when I get sufficient dopamine to my brain, I can function with
some degree of normalcy, as you see me here today. Probably only
my wife realizes the progression of my disease because I do not
leave the house when I am off. I lie down and wait for the time
to take the next pill and then wait some more for it to work.

But I would not be here today if that was the extent of the prob-
lems. Unfortunately, those are just a preview of the horrors to
come if we do not cure this sinister disease.

By coincidence or perhaps serendipity, my invitation to testify
came just as I spoke with senior scientists and beginning scientists
from around the world at the 3-week symposium and course on
stem cell technology in my home town, Pittsburgh. They are dedi-
cated, brilliant, and enthralled with the potential of this new tech-
nology to dramatically improve the human condition.

They are also quite concerned about the legislative initiatives re-
stricting embryonic stem cell research. Publicly the scientists are
cautious about their predictions, but privately you can see the
gleam in their eyes as they marvel at the possibilities of this new
technology. If only a portion of this potential is realized, it will rev-
olutionize medicine.

The development of the human embryonic stem cells technology
may well be the most significant scientific initiative since we put
a man on the moon. We need the same sense of urgency as when
we did that. We are on the steep part of the learning curve of the
technology. We know much, much more now than we knew when
the President announced his policy, but we have much to learn.

Just a few years ago when I employed this hourglass, the situa-
tion was once my brain was depleted of most of its neurons my fu-
ture was desperate. Now this technology offers the possibility of re-
plenishing the upper chamber, just as I have done by turning this
hourglass over. I have hope, as do others—I speak not just for my-
self, but for many others—that this technology may help.

But let me assure you, I am not going to sit back and wait for
my body to stop working. I am determined to win this race against
time. But I need your help and I appreciate your help. Please do
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not let time run out on me and the millions of Americans who
could almost certainly benefit from this technology.

PREPARED STATEMENT

I feel a tug on my heartstrings as I look at those in attendance
today. Thank you all for coming. Missing are so many advocates
that have been here at previous significant events with me. They
are not here because of their advanced Parkinson’s. Dale, Lupe,
Peter, Jim Dandy, just to name a few, they are here in spirit even
though they can no longer be by my side. We are going to beat this
yet, and my message to them is: Hang in there.

Thank you for this opportunity and I really appreciate your sup-
port.

[The statement follows:]

PREPARED STATEMENT OF JAMES CORDY

Good morning Chairman Specter, Ranking Member Harkin, and Members of the
Subcommittee. Thank you for the opportunity to testify today on the limitations of
the current federal policy regarding embryonic stem cell research.

My name is Jim Cordy, and I am here on behalf of the Coalition for the Advance-
ment of Medical Research.! The Coalition is comprised of more than 75 patient orga-
nizations, universities, scientific societies, foundations, and other entities advocating
for the advancement of breakthrough research and technologies in regenerative
medicine in order to cure disease and alleviate suffering.

I'm here to give you a view from the waiting room of biomedical science and what
it’s like to be a patient waiting for a breakthrough in medical science. I have Parkin-
son’s disease and the promise of regenerative medicine is a significant part of my
hope for a cure and a better, longer life. At this early stage, we must not overstate
the science, but given the findings to date, there is no denying the hope stem cell
research offers.

I am one of the many millions of Americans who will benefit from biomedical re-
search, made possible by the dollars that you appropriate. I view this invitation to
testify as my opportunity to change the world. If T choose the right words, paint the
right picture, I hope to give you not only a glimpse of what it’s like to have a
neurodegenerative disease, but also a sense of the staggering utter despair, frustra-
tion, and anger that accompanies such a diagnosis. But the intensity of those emo-
tions pale in comparison to my feelings as a potential cure is dangled in front of
me only to see well-intentioned decision-makers limit our brilliant scientists and im-
pede reaching that goal.

Parkinson’s disease means that the neurons, the cells in the brain which control
movement, continue to die day after day after day. I found this hourglass to be an
effective aide to help those that don’t have Parkinson’s appreciate the relentless and
ruthless nature of this disease. Just as the grains of sand flow from the upper cham-
ber into the lower chamber, the neurons in the upper chamber of my brain relent-
lessly die. The result is the loss of one function after another after another. The
worst-case scenario- the one everyone who has Parkinson’s fears- is that which beset
your colleague Mo Udall, who became trapped his body unable to move or speak as
a result of his advanced case of Parkinson’s.

You may ask how I feel about the need for increased stem cell lines. You need
only look at my hourglass to know my answer. I'm in a race against time. Will the
cure, which I hope for, come soon enough for me? We won’t know until the scientists
have the support of the federal government to fully explore this area. It’s an unbe-
lievable and horrible shock to hear the doctor say, “you have Parkinson’s disease.”
I'm sure it’s the same for MS, cancer, cardiovascular disease, or Alzheimer’s. But
it is incredibly frustrating to see potential breakthroughs on the horizon and not be
able to reach them as fast as humanly possible.

1The Coalition is comprised of nationally-recognized patient organizations, universities, sci-
entific societies, foundations, and individuals with life-threatening illnesses and disorders, advo-
cating for the advancement of breakthrough research and technologies in regenerative medi-
cine—including stem cell research and somatic cell nuclear transfer—in order to cure disease
and alleviate suffering.
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Time is running out for the more than 100 million Americans with permanently
disabling, and ultimately fatal, diseases and conditions such as Parkinson’s, diabe-
tes, and Huntington’s. I am not a scientist, I am here today as the voice of all of
us who may benefit from stem cell research. It is time to let the scientists work.

Leading scientists inform us that embryonic stem cells have significant potential
to treat conditions like Parkinson’s, Rett Syndrome, and autoimmune diseases; fed-
eral funding is integral to finding the promise behind the potential—it is imperative
not just for my sake, but for the sake of so many Americans.

By coincidence, my invitation to testify here today came to me as I attended an
intensive three-week course and international symposium on human embryonic
stem cells. I've met and spoken with senior scientists and young scientists just be-
ginning their careers. They are dedicated, brilliant, and enthralled with the poten-
tial of this new emerging technology to dramatically improve the human condition.
I've seen and heard in detail the first steps taken to cure Parkinson’s disease,
Canavan disease, Kernicterus, liver disease, glaucoma, Tourette’s Syndrome, uri-
nary incontinence, and many more.

I had lunch with one of the world’s premiere researchers who left the United
States because of its prohibitive laws regarding embryonic stem cell research. Al-
though I believe this to be highly unusual, it could be the beginning of a terrible
trend. Typically we see the best and brightest scientists from other countries coming
to the United States because of the great strength and capacity of our biomedical
research initiatives. I have spoken with a senior NIH scientist who is actually plac-
ing embryonic stem cells into the brain of a rat that had the symptoms of Parkin-
son’s disease. The stem cells recognize the damaged neurons, produced new ones to
replace the damaged neurons, and stopped producing neurons when a sufficient
mhmbeg was achieved. As a result the Parkinson’s symptoms of the rat were greatly
reduced.

If we do not handcuff and shackle our scientists, the technology may be ready for
clinical trials in the near future. Much of the embryonic stem cell debate has rightly
focused on repair and replacement of damaged parts. But the unraveling of the se-
cret of how these cells, which initially can produce any part of the human body,
know to change into specific cells may be the Rosetta stone of human development
and revolutionize medical science.

While I applaud President Bush for keeping the door open for federal funding of
embryonic stem cells research, I believe that the current policy needs to be revisited.

It 1s my understanding that in 2001, when the President announced his embry-
onic stem cell research policy, there were thought to be at least 60 stem cell lines
that qualified for federally-funded research. However, after first increasing that
number to 78, the National Institutes of Health announced last month that there
are just 11 lines. Furthermore, all 11 lines are contaminated by mouse “feeder”
cells, which may disqualify them for human therapeutic use. Science has progressed,
and now we have the technology to develop stem cell lines free of mouse cells.

In light of this situation, the President should broaden his stem cell policy—it
could be a matter of life or death!

Debate on the current policy is not unwarranted, but please realize that every day
that the debate continues and the current policy remains in place is one day less
that patients spend with their families and friends as well as one day further from
potential treatments—one day further from hope realized.

We need to prime the pump so that if the science reaches the point where clinical
trials are appropriate we’re not waiting and playing catch-up with other countries
which have access to “clean” stem cell lines. The United States needs a comprehen-
sive stem cell policy based on science and saving lives and not on politics. The sci-
entists tell us that Parkinson’s disease could be close to a breakthrough, but the
benefits derived from progress will not benefit Parkinson’s alone—since a rising tide
raises all boats—cancer, juvenile diabetes, and others will benefit too.

You have the power to provide the scientists with the necessary resources to ex-
plore the promise of regenerative medicine and make it real in terms of better treat-
ments, advanced therapies, and ideally, cures. As an individual forced to wait for
the day this research advances enough to begin clinical trials, I look to the federal
government to fund new stem cell lines, uncontaminated by mouse cells, in parallel
with the current policy. Why should we ask our researchers to do their work with
one hand tied behind their backs?

Due to my advancing Parkinson’s, my physical abilities have eroded—my hands
and legs shake and my body is stiff. I can no longer tie my tie, wash my hair, or
tuck my shirt in. I can’t shuffle papers or drive my car. I have lost my facial expres-
sion, sense of smell, and I now have a monotone voice. But I wouldn’t be here today
if that was the extent of my problems. Unfortunately those are just previews of the
horrors to come if we don’t cure this sinister disease.
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But I consider myself fortunate for an individual who has had Parkinson’s for over
15 years. For the several hours of the on/off cycle when I get sufficient dopamine
to my brain I can function with some degree of normalcy as you see me here today.
Many of my fellow Parkinson’s advocates are in wheelchairs. One dear friend is, at
this moment, in intensive care having fallen down 18 steps because of the balance
problems associated with Parkinson’s. I rarely express anger about my disease, ex-
cept when I see my dear friends get progressively worse. Peter, Dale, Lupe, Jim
Dandy, to name a few, I know are with me in spirit even though they’re no longer
able to be here by my side.

Probably only my wife realizes the progression of my disease because I don’t leave
the house when I'm off. I lie down and wait for the time to take my next pill and
wait some more for it to work.

I have hope, as do others. I speak not just for me and my disease, but for the
others, their families, friends, and caregivers who have hope as well. Let me assure
you that I'm not going to sit back and wait for my body to stop working. I am deter-
mined to win this race against time, but I need your help. Before concluding, I will
turn this hourglass over. Notice that the top chamber is replenished—just as a sci-
entific breakthrough which cures Parkinson’s will replenish my brain cells.

I believe we should leave the science to the scientists so the possibilities of the
research can be uncovered. However, the potential reward is so great, it seems clear
to me that we must pursue embryonic stem cell technology with all speed possible,
which means developing new lines concurrently, and not sequentially.

Please, please don’t let time run out for me and the over 1.5 million Americans
with Parkinson’s, and the over 100 million Americans with diseases and conditions
who are almost certain to benefit from regenerative medicine, including embryonic
stem cell research. It is unconscionable to let time run out—especially now that the
scientists tell us the finish line might be within sight.

On behalf of the Coalition for the Advancement of Medical Research I again thank
the Committee for its deliberations and for the opportunity to speak to this issue.

Senator SPECTER. Thank you very much for your very poignant
testimony, Mr. Cordy, and for your hourglass. I quote you with fre-
quency everywhere.

Mr. CorDY. Thank you.

Senator SPECTER. Dr. McKay, why is it that, notwithstanding re-
peated requests from the staff here for NIH to recommend one NIH
scientist to testify in support of Dr. Zerhouni’s position that addi-
tional stem cells are not required, that NIH could not make a sin-
gle recommendation?

Dr. McKAY. You mean just any scientist, right? Why aren’t sci-
entists prepared to come and support the NIH position, is the ques-
tion you have asked?

Senator SPECTER. That is the question.

Dr. McKAY. Yes. Scientists usually do not have any trouble ex-
pressing their opinions, so I can only imagine that they have res-
ervations about the position that NIH is holding here. But it seems
to me that the question that Jim Cordy’s testimony poses to me in
a very direct way, sitting next to him and knowing him and having
visited his workshop where this scientific device was constructed,
is whether I believe that right now we are moving in my group as
fast as we possibly can to work on Parkinson’s disease.

So I can say to you the answer is yes, I believe that is true. Now,
if you ask me will there ever be a time when that is not the case,
my answer is I can imagine that that would be true.

Senator SPECTER. Beyond Parkinson’s disease, how about all the
other diseases?

Dr. McKAY. Well, sir, I suppose

Senator SPECTER. Are we moving as fast as we could if we had
more stem cell lines available?
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Can I ask you that, Dr. Kessler. You have a 17-year-old daugh-
ter.

Dr. KESsLER. I would echo Dr. McKay’s comments. I am moving
as fast as I can. I am doing absolutely everything I can. Do I think
the field as a whole could move faster? I know that the field as a
whole could move faster. There is no question that when you get
the very best scientists with the best tools the field moves faster
than when you have scientists without the best tools, and I think
there is a consensus among scientists that federally funded re-
searchers are progressively not having access to the absolute best
tools. That is why you are unable to get them to come and testify.

Again, this is not a comment about the NIH. I really hasten to
add, the NIH is very supportive to all of this. This is a policy, as
you stated, that was enunciated 2 years ago, not by the director of
the NIH. But it is a policy that most scientists disagree with.

Senator SPECTER. It is the policy of the administration, but the
administration does not have the last word under our Constitution.
It is up to the Congress. Congress makes the laws for this country.
The President can veto a law and the Congress has the option of
overriding a veto. These decisions are up to the Congress, and they
start right here. The buck starts right here.

Dr. Zerhouni, I would appreciate it—first, I appreciate your stay-
ing, but I would appreciate if you would comment on one of the
statements by Dr. Ogle, that the larger the line we study the better
statistical significance we have. What do you think?

Dr. ZERHOUNI. Well, statistical significance depends on the ques-
tion you are asking at the time, the scientific question you are ask-
ing. I do not disagree with the notion that genetic diversity is an
important issue that is an issue that needs to be considered in rela-
tionship to the specific strategies of therapy that anybody is pro-
posing. At this point we do not have specific therapeutic strategies
to consider that will be applied to the population at large, if that
is the point that is being asked.

The second is that before you can really assess that, as the doc-
tor pointed out, we need to completely understand the genetic sta-
bility of the cell lines and the mechanisms that lead to that, be-
cause it is very important to first have an understanding of that.
So I do not disagree with the issue of genetic diversity, but this is
not an issue that I think can be addressed without progress being
made on the milestones that we have identified.

Now, the other statement I would like to make is that, you know,
you are asking if the NIH Director has made a determination that
the number of cell lines we have is sufficient. I do not recall having
made that statement. I mean, my view is that we need to progress,
we need to pass those milestones. And at this point I do not think
anybody knows the answer to that question in terms of minimum
or maximum for therapeutic applications, since at this point there
is no therapeutic application that is being proposed in humans.

But we want to accelerate the discoveries that will create the
cells that will provide dopamine, insulin, and so on as fast as pos-
sible. To do that, I need more researchers that are involved in very
characterized cell systems, that understand genetic stability, that
create as fast as possible the models that will help Mr. Cordy here.
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So I want to be on the record to say that I agree with the ques-
tions that are posed. All of them are relevant at certain time points
in the development of these therapies. But we cannot accelerate the
therapy without understanding the basis of why the therapy will
or will not work. That is my point, Senator.

Senator SPECTER. Are you saying, Dr. Zerhouni—I thought I
heard you say it, but I want to confirm it—that you are not con-
tending that we have a sufficient number of stem cell lines?

Dr. ZERHOUNI. If you ask me what is it we need to do today and
again you are looking at is what we need to do today being done,
the answer is yes.

Senator SPECTER. Now answer my question.

Dr. ZERHOUNI. With the number of cell lines that we have and
the progress we are making in understanding all of the multiple
aspects, that not only NIH scientists but also other scientists are
providing us, we