Gene Expression Changes and Micro
RNA Regulation in Embryonic Stem
Cells

David Stroncek, MD
Chief, Cellular Therapies
Department of Transfusion Medicine
Clinical Center, NIH
Bethesda, MD, USA



AMERICAN SOCIETY OF GENE & CELL THERAPY

13™ ANNUAL MEETING | Washington, DC USA May 19-22, 2010

Presenter Disclosure
David Stroncek, MD

The following relationships exist related to this presentation:

No Relationships to Disclose

AMERICAN SOCIETY of
U GENE &« CELL
el THERAPY




Embryonic Stem (ES) Cells

\Wm O

Cultivation | | Transplantation
to extra uterine sites

Tisue
Cultivation i '

engineering
of ICM g ‘ ES cells —
Blastocyst Direct cloning
(tetraploid
complementation
ICM = Inner Cell Mass Embryoid becy
Denker, H-W J Med Ethics 2006;32:665-671 JME

ONLINE

Copyright ©2006 BMJ Publishing Group Ltd.



Gene and micro RNA Expression
by Human Embryonic Stem Cells

Early studies looked for the molecular
basis of pluripotency

 What’s expressed?
 What does it mean?



Principles of Gene Expression Analysis with Microarrays
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Embryonic stem cell gene
expression data has been
difficult to interpret

G Vogel. Science 2003;302:17

STEM CELLS

‘Stemness’ Genes Still Elusive

Despite the excitement surrounding stem
cells” potential to perhaps cure disease or un-
lock the secrets of development, a funda-
mental question wmains: What. exactly. are
stem cells?

In common parlance, they have been de-
fined as czlls that can both renew them-
selves and give rise to more specialized
danghter cells. But that is a functional defi-
mition, akin to saying that a caris a movable
machine on four wheels, Scientists are keen
to get under the hood and see which genes
drive stem cells’ engine of renewal. Al-
though researchers have identified a few
genes that seem to play a role, the key me-
lecular switches remain a mystery:

A vear ago, bvo groups Te-
ported what they hoped would
be a significant step foreward.
As they described in papers
published back to back in
Science (18 October 2002, pp.
307 and 601), groups led by
developmental geneticists
Drouglas Melton of Harvard
University and Thor Lemisch-
ka of Princeton University
used gene chips to search for
a commen signal among dif-
ferent kinds of stem cells—a
genetic profile that would in
essence define the nature of
“stemness.”

Working independently,
bath groups compared the gene

expression of embryonic stem  Mixed bag. Partial differentiation among stem cell popula-
(ES} cells, hematopoietic or  thons such a

blocd -forming stem cells, and

neural stem oells, Lemischka’s group found
281 genes that were overexpressed in all
three of their stem cell populations—
presummably part of a genetic characterization
of stemness, Melton's group found 230
genes that were overlapping in its popula-
tions. But there was a catch. The two sets of
genes were almost completely different,
sharing only six genes,

A recent study only adds to the confu-
sion. In a Technical Comment published cao-
line by Science (see p. 393 Bing Lim and
his colleagues at the Genome Institute of
Singapors and the Beth srasl Deaconess
Medical Center in Boston describe similar
expenments with ES cells, newral stem cells,
and retinal stem eells. They found 385 genes
that were overexpressed in all three cell
types. However, only one of those genes is
an both Melton's and Lemischka’s lsts.

Sowhat's the problem? “There am a lot of
caveals that need to go into interpreting these
expenments,” savs developmental geneticist

R LHITESITY OF WTOREN, AT S0

Leonard Zon of Harvard University, “The
cell population you start with makes a huge
differ=nce in what iz found in a microarray,”
he say=, noting that wsclating a pur popula-
tion of stem cells is notordously difficult.

Indesd. using gene arrays on some stem
cell populations may be g bit like using a
millimeter-scale ruler to measuns the length
of a feothall field. *“Che danger here is that
the resolution poser of the [gene chip] tech-
nology might be on the verge of cutstripping
the msolution of the biclogical assayvs"™ for
izalating stem cells, Lemischka says. Any
genes expressed by partially differentiated
cells in the analyzed population will cloud
the gene array results.

sthese ES cells confounds gene expression studies.

Other technical problems, in addition to
the purity of the analyzed cells, may con-
found the work, Lim notes. ey geres might
vary their expression over tine, he says, or
perhaps the sought-after stemmess genes are
absent from the commercially available
chips that all thiee teams used. In any case,
he says. scientists have kearned at least one
thing: “The stemness gene is not a highly
expressed one, if it exists.”

Both Lemischka and Lim say that despite
the lack of overap between the studies, the
mesults are worth follesang up. Both groups
ars working on functional studies of some of
their candidate stemness genes, disabling
them in populations of stem cells and ob-
serving how the cells behave, And even if
the specific genes don't overdap, Lemischka
says. it possible that all three studies have
identified commeon signaling pathacays that
are key o a stem cell’s dentity—an identity
that remains frustratingly ehisive.

—GRETCHEN WOGEL
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Limitations of Gene Expression
Profiling

Platforms vary

Number of genes analyzed has varied: Increase
with time

Results depend on types of cells analyzed
e ESCs vs adult cells

 ESCs vs hematopoietic stem cells

* Human ESCs vs mouse ESCs

 ESCs vs embryoid bodies

Cell state affects gene expression
Difficult to interpret the data



Uniquely Expressed Embryonic Stem Cell Genes:

Hierachical Clustering Analysis of Genes Differentially Expressed by Embryonic Stem
Cells, Hematopoietic Stem Cells and Bone Marrow Stromal Cells

== Bone Marrow Stromal Cells
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: :I' Expressed by ESCs and HSCs

ESCs express arelatively small
number of genes

supervised cluster, 2800 genes, F-test, p<0.05




Genes Enriched in Embryonic Stem Cells
Compared to Embryoid Bodies
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*FGFR4 was strongly downregulated upon differentiation (p=0.012), although it was not included
in the enriched genes (p=<0.01).

Sato N et al. Developmental Bio. 2003;260:404-413




Genes Enriched in Embryonic Stem Cells Compared to Embryoid Bodies
Gene Ontology (GO) Comparison by DAVID Bioinformatics Resources

Enriched in ESCs

*Regulation of transcription

*DNA binding
*RNA metabolism
*Biosynthetic processes

Enriched in EBs
*Organ Development
*Tissues development

sEmbryonic development

G0:0045449~regulation of transcription
G0:0003677~DNA binding

G0:0006350~transcription

G0:0006355~regulation of transcription, DNA-dependent
G0:0031974~membrane-enclosed lumen
GO0:0051252~regulation of RNA metabolic process
G0:0043233~organelle lumen

GO0:0070013~intracellular organelle lumen
G0:0009891~positive regulation of biosynthetic process

G0:0031328™~positive regulation of cellular biosynthetic process

GO:0010557~positive regulation of macromolecule biosynthetic...

GO0:0031981~nuclear lumen

GO:0051173~positive regulation of nitrogen compound...

G0:0045935~positive regulation of nucleobase, nucleoside,...

G0:0003007~heart morphogenesis
G0:0031012~extracellular matrix

GO:0007507~heart development
G0:0048598~embryonic morphogenesis
GO0:0001501~skeletal system development
G0:0010647~positive regulation of cell communication
G0:0001503~ossification

G0:0009967~positive regulation of signal transduction
G0:0060348~bone development

GO0:0010740~positive regulation of protein kinase cascade
G0:0044420~extracellular matrix part
G0:0048568~embryonic organ development
G0:0048562~embryonic organ morphogenesis
G0:0043009~chordate embryonic development

G0:0009792~embryonic development ending in birth or egg...

-log(P-Value)
3 4 4 5 5 6 6

B hES
mEmEB
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Comparison of Embryonic Stem Cells with Bone Marrow
Stromal Cells (BMSCs) (Ingenuity)

Molecular and Cellular functions

Enriched in hESCs

Enriched in BMSCs

RNA post-transcriptional modification

Cellular movement

Cellular growth and proliferation

Cellular growth and proliferation

DNA replication, recombination and repair

Cell death

RNA damage and repair

Cell morphology

Cell cycle

Cell-to-cell signaling and interaction

Networks

Enriched in hESCs

Enriched BMSCs

RNA post-translational modification, hematological system
development and function, nervous system development and
function

Organismal functions, dermatological diseases and
conditions, inflammatory diseases

Protein synthesis, gene expression, RNA trafficking

Opthalmic disease, genetic disorder, inflammatory disease

Gene expression, post-translational modification, protein
folding

Protein synthesis, organismal injury and abnormalities, cancer

Post-translational modification, protein folding, respiratory
system development and function

Skeletal and muscular system development and function,
cellular development and function, cellular development, gene
expression

DNA replication, recombination, and repair, cellular assembly
and organization, infection metabolism

Digestive system development and function, hepatic system
development and function, lipid metabolism

Canonical

Pathways

Enriched in hESCs

Enriched BMSCs

DNA methylation and transcriptional repression signaling

Regulation of Actin-based motility by Rho

Role of Oct4 in mammalian embryonic stem cell pluripotency

Actin cytoskeleton signaling

Ran signaling

Ephrin receptor signaling

Role of BRCA1 in DNA damage response

Clathrin-mediated endocytosis

Nitrogen metabolism

Hepatic fibrosis/hepatic stellate cell activation




Genes Expressed by hESCs

Genes

Transcription Factors
*Oct4
Nanog
*S0X2
*Rex1
Utfl
Others
o LeftyB
*Nodal
*TDGF1 (Cripto)- epidermal growth
factor-related protein
*DNMT3B - DNA methyltransferase 3B
*GDF3 - growth differentiation factor 3
*GJAL - gap junction protein, alpha 1

Signaling Pathways

TGFf
Wnt
BMP
FGF
PDGF
Neurotrophins



Human Embryonic Stem Cell Pluripotency
Genes Expressed by Embryonic Stem Cells Compared to Embryonic Bodies

Self-renewal

??F_f—ji FEGB S1P Neul‘;_:t_rgngphms FGFZ -FEEE’LH‘_EF rlpto ODA[ :EME" I—Nogg|r:1 @!

_______ i i 4 =

M WO -

Cytoplasm 2P o
@” S{ADS
7
SWAD I3 ST
Sphingo -] F MAD
ol
.'.'w '-F!. k i
Neuroectoderm (H) ‘-Eb—
SEMAD4 e
development
L ) APC CTNMN-B
degradation
“."’ =TT
Cell survival
Nucleus //
— - g ki
('») SMAD -&L
..4 S ; -l_j::‘f 35
[ FENNSxT /] [
0 0
Trophoectoderm &  Mesoderm &
primitive endoderm endoderm
4}) development development
O

OSelf-renswal -

Gene
Eyressmn

DifferentiationCr




Human Embryonic Stem Cell Pluripotency
Genes Expressed by Embryonic Stem Cells Compared to Adult Cells

Self-renewal

””” = [ i
FGF4 FEG}' SR Neufotrophins FGF2 N
(] [I—
] A
i g
I . ")
Cytoplasm e ¥ 2 .
Sph@j@ A3k
] 5
Meuroectoderm
development
degradation
Q
Cell survival
Mucleus

0 0
Trophoectoderm &  Mesoderm &
primitive endoderm endoderm

4'}) development development
—0

k4 §ox)
r@vo UTF1 ’ OSelf-renewal -

/ -
Gene

DifferentiationCr Efpressloﬂ




Role of Oct4 in Mammalian Embryonic Stem Cell Pluripotency
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Summary

 Genes expressed by hESCs are involved with
DNA replication, recombination and repair,
RNA damage, and repair RNA post-
transcriptional modification, cellular growth
and proliferation, and cell cycle

« ESC express several transcription factors
Including Oct4, Sox2, and nanog

 Genes in several signaling pathways are

expressed including wnt, TGFpB, FGF, and
BMP



MicroRNA

Endogenous non-protein coding RNA
Small — 19 to 23 nucleotides

Negatively regulate the expression of protein
encoding genes

 Reduce transcript levels
e Reduce translation



MicroRNA

There are >1000 in the mammalian genome
Phylogenetically conserved

Some are encoded in clusters and transcribed
polycistronicly

One miRNA may influence many genes

One gene may be influenced by more than one
MiRNA

Makes interpretation of results difficult



Micro RNA (mIR)

Nucleus

Drosha
processing

Translational or  mRNA
repression  degradation

Sartipy P et al. IDrugs 2009;12:492-96

Dicer Knock out —> Severe growth and differentiation defects



Embryonic Stem Cell-Specific miR:
Hierachical Clustering Analysis of 104 miR Differentially Expressed by Embryonic
Stem Cells, Embryoid Bodies and Adult cells
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miR-302a
miR-302b
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MiR-520 Cluster - Chromosome 19
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miR-372
miR-373
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Several members of the miR-302
and -520 clusters share the same
7 nucleotide seed sequence

Gene Ontology Analysis of miR-302 and -502 clusters
*Histone modification
*Covalent chromatin modification
*Establishment and/or maintenance of chromatin architecture
Chromosome organization and biogenesis
Chromatin modification
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Pluripotent Differentiated

L Chen and GQ Daley. Human Mol Genetics. 2008;17:R23-R27



Questions

* How do these genes and miR maintain
pluripotency?

* What genes and miR are involved with
differentiation?

* How can these genes and miR be
manipulated for laboratory and clinical
applications?
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