Deep relevance of
science to society:

U Black to white skin
because of a single change
In 1 gene.

U This is due to a mutational
change in 1 base of DNA,
an Ato a G, like atypo. But
weove made t hi
SO0 too much more than it
means in nature.

Lamason et al. SLC24A5, a putative cation exchanger, affects pigmentation in zebrafish and
humans. Science 2005; 310:1782 (and cover)



Is this science relevant to you?
72-year-old man with worsening cough and difficulty breathing

McMullan, D. M. et al. N Engl J Med 2006:354:397 e NEW ENGLAND

JOURNALof MEDICINE



Stem cells: Political science?
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Stem Cell Hype Cycle: 1998-?
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Stem cell research = hot news!

U ABCNews Medical Unit 5/17/05: A paper in Science reports
that production of new human embryonic stem cell lines tailored

to specific patients. Having a personalized stem cell line could
circumvent problems with immune rejection, should the stem
cells be I nserted back i1 nto tF
cloningo).

U Is this a giant step in the potential of using stem cells? How
significant is this research?

U What types of treatments do you think these cell lines could be
used for? Diseases?

U How soon do you think scientists will be able to test these cell
lines in humans?

U Jan 2006: This research was falsified
(using simple Photoshop edits!)




What I1s a stem cell?

U A "stem cell" Is a single cell that has the
ability to self renew and differentiate
extensively, generating both:

(1) all (totipotent) or most (pluripotent or many
[multipotent]) types of specialized cells, and

(2) new stem cells with identical potential (self-
renewal).

U So, the defining features of a stem
cell are that it can differentiate and self-
renew extensively.




Hematopoietic stem cell defn

UA Nn(l ympho) hemat opoli et
single cell that has
x self-renewal capacity: can generate many new
HSCs, and

x multipotent differentiation capacity: can
generate all of the cells of the blood-immune

system (>11 specialized types of cells).

U The defining features of a hematopoietic
stem cell (HSC) are that it can generate new
HSCs, as well as the entire blood/immune

system.
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Development of all 11 lineages of mature blood and immune cells from a
single, pluripotent stem-progenitor cell; and probably endothelial cells, as well



Blood-forming stem cell self-renewal is
limited, In vitro

Requlators:
SCF TPO FL
Stem ® it S BV Y GCSE

cells IL-3 IL-11 GM-
CSF
G-CSF IL-4  M-CSF

Multipotent . .
progenitors | | ' |
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U Lack of self-renewal capacity is a limitation of all

types of nadult stem cel
limited ability to differentiate to multiple tissue types




Blood-forming stem cell transplant: Icon

The CD34 antibody developed in my Hopkins lab has been
used in bone marrow transplants for thousands of patients

Stem Cell ‘
s

CD34-Specific
Monoclonal
Antibodies

PTX 718

And research studies on purified CD34 blood stem cells have
resulted in thousands of basic scientific and applied medical
discoveries



ldentification & purification of hematopoietic
stem cells: Financial disclosure

U The Johns Hopkins University holds patents on CD34
monoclonal antibodies and related inventions.

& LEGAL NEWS SINCE 13383

X Dr. Civin is entitled to
a share of the sales
royalty received by the
University under
licensing agreements
between the
University, Becton
Dickinson Corporation
and Baxter HealthCare
Corporation.

X These arrangements
are being managed by
the University in
accordance with its
conflict of interest
policies.
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Federal Appeals Court
Backs Hopkins Patent

Victory in Intellectual Property Rights Lawsil
Sets Key Precedent for University Researchers

BY BROOKE SOUTHALL

Deaily Record Business Writer
""" johns Hopkins University has won a fi-
nal court victory in a key battle over in-
tellectual property rights that it believes
will keep private firms from stealing its
patents, and those of other universities.
The U.S. Court of Appeals in Washing-

__ton upheld a July 1997 decision by a federal

district court in Wilmington, Del., that or-
dered Bothell, Washington-based biotech-
nology firm CellPro Inc. to pay $7 million in
damages to JHU and its licensees.

The upheld appeal was a landmark

victory, according to Curt Civin, inven-
tor of the patented stem cells and pro-
fessor of oncology and pediatrics at Johns
Hopkins University.

“The principle was very, very impor-
tant to universities,” he said. “Had the
case gone the other way, companies
would have had no incentive to deal with
universities. I think the patent system
would have just gone away.”

Injunction upheld
Civin added that JHU alone has hun-
dreds of inventions every year.
SEE CELLPRO PAGE 6A
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What is a human
embryonic stem

cell?

Requires oocyte (egg)

harvest:
U Hormone treatment of
woman (pseudo-pregnancy)

un Mi

nNor o

sur gl

with anesthesia

U Medical definition of
AmMi nor O

else
U Ethical issues in egg
donors (coercive

sur ge
that happens to someone

circumstances, payment)

—



What is a human embryonic stem cell?

U The "embryo" Is
the stage between
the ovum (egg)
and the fetus
(beyond 2 months)
In prenatal

U When does human
life begin?

U Embryonic stem
cells are made
from cells of the
Al nner cel

of the blastula




From zygote to blastula: the early stages of human
development

Fallopian tube BlaStOcySt: o-7 dayS

U When does human
life begin?

U Development of
neural streak I rophectoderns

xfirst embryonic Myometrium Blastocvst S
structure

: carly stage >
x day 14 gestation of implantatio

Uterine implantation: rarely successful

Endometrium




Pluripotent embryonic stem cells can self-renew indefinitely and
differentiate into all types of human cells

Blastocyst .
(100-200 cepf) ] . Inner cell

7 mass

Cells dissociate

Pluripotent embryonic stem cells Dilerent growth |[
(about 4 days tactors added g 1]
.. in culture) s o dolll |
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Human embryonic stem cells Iin tissue
culture on mouse feeder cells
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In Vitro Differentiation of Human ES Cells

Embryoid Bodies

Neural Cells Epithelial

BFU CEU-GM




Human endoderm from HESCs

o e DoAmour KA, Agul nicl

b Kelly OG, Kroon E, Baetge EE. Efficient
differentiation of human embryonic stem
cells to definitive endoderm.
Nat. Biotechnol. 2005;23:1534-1541.

=y & W Stainier, D. N Engl J Med

N-cadh 2006;354:521-523
e e NEW ENGLAND
JOURNAL of MEDICINE




What is an embryonic stem cell line?
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alk phosphatase* SSEA-4+ GFP* colony after

lentiviral transduction
—

Embryoid body containing hot pink primitive
erythroid cells (embryonic + fetal hemoglobin)



Derivation of human embryonic stem cell lines

Cleavage EE
stage embryo (o]0

Cultured
blastocyst

Isolated
inner cell mass

-.|; Irradiated mouse
fibroblast feeder cells

@ Vo Nature 413:13, 2001
ﬂeéﬁdd:gg?aiﬁm @4, @ New feader cells
%ﬂ U When does human life
Established ¥ : cgin ¢
ES cell cultures _ U Should the embryo have
() IBOOCE all the rights of a human
being?
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Progress in human embryonic stem
cell research

U Mouse ES research has been ongoing for over 2

decades, has resulted in many ground-breaking

discoveries, and has translated to disease understanding
and cures.

U Human ES cells were just discovered in 1998, and US
federal fundi ng hasBuwtl oweedr e rc

there.



Wishful thinking?
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Stem cells rebuild Mi-damaged tissue in mice

Managing patients with heart attacks could dramatically
change if the preclinical results translate into the clinic.

By Henry W. Singer
Managing Editor

SAN FRANCISCO - When injected
directly into heart tissue, hematopoietic
stem cells can help repair tissue dam-
aged as a result of a myocardial infarc-
tion (MI), according to investigators at
the National Institutes of Health in
Bethesda, Md.

Because heart tissue lacks the
ability to repair itself after dam-
age, the transplant of stem cells
could repair myocardium
and help to prevent fur-
ther MIs in some
patients, Donald Orlic,
MD, told attendees at
the plenary session of
the 42nd Annual Meeting of the
American Society of Hematology. The
technique has not been used in patients,
but experiments in mice have proven
very successful.

Rebuild, renew

In a mouse model, hematopoietic
stem cells (HSC) injected into the
healthy myocardium of the left ventri-
cle near the site of an infarct migrate
into the damaged region and begin to
reconstitute the myocardium.

“The transplanted HSCs develop in
blood vessels and myocytes within the

infarct. They also initiate a partial
repair that improves function of the
infarcted left ventricle,” Orlic said.

MI is the most common cause of
death in the United States. If in vivo
results prove safe and effective in
humans, Orlic’s discovery could have
huge implica-

The discovery
could have huge
Implications
in patient
management.

tions on patient management.

He explained the HSC of adult
mouse bone marrow have the capacity
to reconstitute the entire hematopoietic
system in lethally irradiated mice. Stem

cells also have the potential to generate
non-hematopoietic cell types including
skeletal muscle cells, osteocytes and
glial cells.

Stem cells

To determine whether stem cells
could differentiate into cardiac tissue
that would then engraft, Orlic and his
team produced infarcts in the left ven-
tricle of normal adult female mice by
occlusion of the left coronary astery
(LCA).

In earlier studies, Orlic found Lin- c-
kit+ cells repopulate bone marrow and
thymus. In this study, he obtained Lin- c-
kit+ stem/progenitor cells from the bone
marrow of adult transgenic mice.
He injected between 2-10 x
10* Lin- ckit+ stem/
progenitor cells, which

expressed enhanced
green  fluorescent
protein (EGFP), into
the healthy myocardium adjacent to the
infarct region three to five hours afier
LCA occlusion.

infarcts or HSC transplants.

Like the crossssection of a tree,
nearly 40% of all damaged hearts
showed a band of EGFP-positive
myocytes  within  the damaged

yocardium. Orlic said the ping
myocytes in these bands resembled
fetal or neonatal cardiomyocytes “in
that they were small with partially
formed myofibrils.”

s of the myocytes
revealed they were positive for cardiac
specific myosin and alpha sarcomeric
actin, a protein specific for both cardiac
and skeletal myocytes.

In a cell proliferation assay, BrdU
was injected daily for four days.
Approximately 28% of the EGFP-posi
tive myocytes were positive for BrdU.
A significant number of the developing
myacytes were positive for Ki67, a
protein expressed in cycling cells.

“These findings suggest a high level
of cell cycling in the donor cell popula
tion as early as six days post-trans-
plant” he said.

Orlic also noted that he observed Ki

Six to 12 days after
the hearts were removed and prepared
for immuno-cytochemical analysis.

Restored function
“Mice which had infarcts treated with
HSC showed an improvement in func-
tion that approached function value in
control mice,” Otlic said, explaining the
control mice did mot have induced

67-posit helial ~cells in
microvessels  in  the infarcted

myocardium.

For more information:

Orfic D, Kajstura J, Chimenti S, et al. Trans-
planted hematopoietic stem cells repair
myocardial infarcts. Abstract #943. Presented
at the 42nd Annual Meeting of the American
Society of Hematology. Dec. 1-5. 2000. San
Francisco.



How long are stem cells grown in vitro before
they are used?

uf Yl =
o e

ugElitas Zambi di s, MD/ PhD, getting son
embryonic stem cells that are growing in the tissue culture incubator

U The cell lines grow immortally (indefinitely) in tissue
culture.



Why not use adult stem cells?

LAdul- -t rsit-emiiciel |l sy arie il esi's npil
to differentiate, less pluripotent).

U For example, blood-forming stem cells (from bone marrow, blood, or neonatal
placental/umbilical cord blood) form blood cells (predominantly).

U In contrast, embryonic stem cells can form all the cell types of the body.

U Adult stem cells have limited self-renewal

U But we hope that studies of ES cells will lead us to ways to teach adult stem cells
to self-renew more expensively.



