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Synergistic NIST and UM Interests re Stem Cells

* NIST collaborates * UM Center for Stem Cell
extensively with other Biology & Regenerative
Institutions to provide the Medicine mission:
new methods and — Encourage collaboration in stem
standards needed to cell research among faculty

: : members across Maryland and
advance biosciences and beyond
health research: — Foster synergistic biomedical
— Measurements interactions between public and

private institutions

— Utilize all kinds of stem cells,
multiple species models in basic
and translational research

— Cultivate translation of these
discoveries into new commercial
products that enhance the
diagnosis, treatment, and
prevention of multiple human
diseases

» Tools, instruments

» Data handling, analysis
(informatics, computing)

— Standards



Most current stem cell research is at the lab bench
stage
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pathways, networks that regulate the development of each the i
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» multiple species models



Hematopoietic (blood-forming) stem cells: best

characterized type of stem cells
——— e ————————————————

» HSCs can be obtained for lab
studies from adult humans in health 1 Hemsgort

stem cells

and with hematopoietic diseases
» Paradigm for normal and
leukemia/cancer stem cell research

» But little is know about the
molecular mechanisms regulating
development of HSCs and other
types of stem cells

* We know only a few of the essential . Alges
molecules and pathways

Jordan, N Engl J Med 2006




HSC self renewal is limited, ex vivo
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» Limited in vitro self renewal capacity appears to be an inherent
limitation of all types of “adult stem cells,” in addition to their limited
ability to differentiate to multiple tissue types



Genomic studies to discover basic mechanisms in
stem cells

» Investigate normal and diseased
lymphohematopoietic stem/pro?enltor cells (HSPCs)
to develop a better fundamental understanding of the
key physiologic and pathophysiologic mechanisms in
normal and leukemic stem cells

» Transcriptomic studies as starting point to identify
genes that might be important in stem cells:

> Survival

Quiescence

> Self-renewal

Differentiation

Fate specification

Homing
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Translational goal: Toward high performance stem cells




MicroRNAs regulate hematopoietic development
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Universities are nurturing multi-investigator,

multidisciplinary projects

» Gaining philanthropic, state, NIH grant support

» Building stem cell research faculties

» Enlisting, repositioning, retraining existing faculty
» Recruiting new expertise

» Inter-institutional projects and infrastructure

Stem cell seminar series
Working Group meetings
Companies are joining in
Federal labs should collaborate!
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Universities are building core facilities

Developing core resources specifically needed for stem
cell research (to complement standard university core
labs)

= |PS/ES cell production, differentiation, banking
o Local-regional?

o Open to companies?
* IPScells

=  Genetic modification

= Functional assays
o  multiple species models




2006: Shinya Yamanaka reported the development of mouse,
then human iPS cells

Retroviral infection with:
OCT4/SOX2/MYC/KLF4 or
OCT4/SOX2/NANOG/LIN28 or
Several other sets of genes

lpd? 4 Neural tissie * ‘_
- D SN NC L7 W
- r.,- e ‘.._"‘:‘. :

) ]

Mature human fibroblasts . nsduced pluripotent
(from foreskin or adult
skin) were engineered with
Nanog-GFP or Oct4-Neo
reporter retro- or lenti-

stem cells were green (maintaining undifferentiated markers) for >20

or Neo-resistant passages or induced to undergo multilineage
differentiation (to form all 3 germ layers both in
embryoid body assays in vitro and in teratoma

vectors assays in immunodeficient NOD/SCID mice)
Induction of Pluripotent Stem Cells Induced Pluripotent Stem Cell Lines Derived from Human Somatic Cells

from Adult Human Fibroblasts Junying Yo" Maxim A, Vodyanik” Kim Smuga-Otto,” Jessica Antostewicz-Bourget " Jemuifer L
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Human induced pluripotent stem (IPS) cells
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EI IPs cells are mature cells that have been
“reprogrammed” (manipulated in the lab) to revert to an
embryonic state

4 If iPS cells fully emulate embryonic stem (ES) cells to
‘form any of the >200 types of human cells, they could

model many cryptic diseases and provide cell therapies
| o Very promising researchis focused on accomplishing this

a Also, considerable research Is focused on mechanisms
of reprogramming, and making the process safer and more
efficient



IPS cells reprogrammed from many accessible human cell
types have many (all?) of the key properties of ES cells

A Biological Clock

In the developing human body, 2 cell’s possible identities become restricted with
time and inaeased specialization— although induced pluripotent stem cells (iPSCs)
seem to break those rules. Normally only the cells of an early embryo are pluripo-
tent: able to become any cell type in the adult body. Later, embryo cells commit to
lineages that limit their potential fates to spedific tissue families, making them
multipotent. In the adult body, stem celis are still more spedalized. Mature body
cells are said to be terminally differentiated—locked into their identities. Repro-
gramming rewinds the internal dock of mature body cells to a pluripotent state.

Sl

Late embryo

{15-16 days)

CELLULAR POTENTIAL

@ Plrpotent Can give rise
to any cell type

& Muitipotent: Can give rise
to cells within 3 tissue family
Terminatly differentiated:
Lockad Into one Identity



Reprogramming procedures are being enhanced.:
more efficient and safer

GENE-ACTIVATION
Mo> - MARKERS
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2009-2010

Scientists demonstrate that iPSCs can be
made using retroviruses carrying only three

of the original Yamanakareprogramming [~~~ ~~"-="~-~-=-==--=-=-=
genes, then only two, or just by introducing

the proteins encoded by the four reprogram-

ming genes directly into cells

Scientists focus an raising efficiency by identify-
ing distinct patterns of gene activation (re-
vealed by flucrescent markers) characterizing
cells that will successfully canvert to iPSCs. Skin
cell identity and reprogramming-gene markers
give way to pluripotency markers




Define and characterize stem cells (e.g. IPS)

* Define stem cells * Characterize IPS cell
— Cell surface markers reprogramming
— Transcriptome — Define critical steps
» MRNA » Transcriptome
» MICroRNA » Proteome
— Epigenetics, chromatin marks » etc.
— Proteome

» Mass spec
» Protein arrays

— Global signaling pathway
analysis



Improve culture, expansion,
differentiation of stem cells

* Monitor relevant cell * Optimize lineage-specific

biologies to optimize differentiation and
growth and survival of self- production of large
renewing stem cells numbers of desired

— Quantify apoptosis progeny cell types

— Quantify extent of differentiation — Monitor differentiation stage and

— Assay pluripotency of cells and lineage markers

correlate with markers — Assay in vitro functional
— Measure proliferation readouts (physiology,

: biochemical assays)
— Develop methods to purify cells :
of interest — In vivo proof

» Cell surface markers, Mabs
» Other technologies?



Detect malignant transformation and assess
In vivo delivery, function

* Detect early signs of « Assess delivery and
transformation of stem function of stem cells and
cells to cancer progeny in vivo

— Genome (mutations) — Develop methods to identify,
— Epi guantitate those in vitro stem
PIgEnome cells that will ‘home’ to desired

— ldeally, functional markers site

» e.g. cell surface receptors
— Assess in vivo homing
» Sensitive in vivo imaging
that can quantitate:
* Viability
* Anatomic integration into

microenvironment

* Functional integration and
output

* Potential deleterious effects



Transplantation is the icon but not the only
exciting application of stem cells

PURIFYING STEM CELLS WITH CD34 SPECIFIC
MONOCLONAL ANTIBODIES

CD34-Specific Antibodies Bind to Stem & Progenitor Cells

Stem Cell

—<

CD34-Specific
Monoclonal
Antibodies

PTX 718




Stem cells as disease and testing models
probably, and tomorrow’s cell therapies possibly

APPLICATION S5TATUS

DISEASE MODELING B Human iPSCs have already been used to generate

Convert iPSCs derived from 12 tissue types, including cells representing diverse

patients into the affected Y disorders such as Parkinson's disease and diabetes

;'.E”EWF'_E' "I"E"'_E'“':I'l"l:I ; ¢ | m Symptoms of smooth muscular atrophy and familial
ISEASE PrOgression and drug dysautonomia have been “treated” in cultured cells

respanses in those cells

CELL THERAPY _ m 10 years or more in the future

EE':“I:;E'_' Fils ':I_E"ﬁe‘:ll:":"'" m iPSC-derived neurons have bean transplanted into

4 sick patient inta healthy > rats to treat a version of Parkinson's

cells for transplantation into I _ _

that individual m iPSC-derived blood progenitor cells with corrected

sickle cell anemia genes cured the disease in mice




Stem cells as models for mechanistic studies, drug
development, toxicology

= MORE TO
EXPLORE

Induction of Plurlpotent Stem
Cells from Mouse Embryonic and
Adult Fibroblast Cultures by
Defined Factors. Kazutoshi Takahas
and Shinya Yamanaka In Cell,

Vol. 126, No. 4, pages 663676,
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Published online August 10, 2006.

Eplgenatic Reprogramming and
Induced Pluripotency. Konrad
Hochedlinger and Kathrin Plath In
Development, Viol. 136, No. 4, pages
509-523; February 15, 2009

" — Induced P1 Stem Cell

nduced Pluripotent Stem Cells
CELLS FOR SALE and Reprogramming: Secing the
The first Sclence through the Hype. Juan
Carlos |zpisia Belmonte, James Ellis,
Konrad Hochadlinger and Shimya
Yamanaka In Nature Rewviews Genetics,
Vil 10, No. 12, pages 378-8B3.

Published online October 27, 20049,
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Stem Cell Hype Cycle: 1998-?

Gartner Hype Cycle

Peak of Inflated Expectations

Trough of Disillusionment

B ;" :
ﬂ["::- Technology Triggerz
A

Sometimes | wonder if there’s more to life
than unlocking the mysteries of the universe




C6 Construction Grant to Renovate BRB-8

Renovations to BRB-8 will provide new research
space to the UM Greenebaum Cancer Center. This
space will be used to consolidate members of the
Molecular and Structural Biology research program.

Design concept will be similar to BRB-7, with an open
lab design on the north side, and conventional,
iIndividual laboratories.

Anticipated completion date is August, 2011.
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G20 Core Renovation and Consolidation Grant BRB-7
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Renovations to BRB-7 include an open lab design for the north side (top), which will

physically consolidate a number of existing core facilities such as Biopolymer, Transgenic,
translational Lab, BIACore, Proteomics, and others. The south side (bottom), will allow
development of new resources that will specifically supportclinical and translational research.
Estimated date for completion: August, 2012.
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G20 Core Renovation and Consolidation Grant BRB-6

HOWARD HALL } BRESSLER RESEARCH BUILDING
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Proposed renovations to BRB-6 will resultin a comprehensiveimaging suite between BRB
and Howard Hall 6t floors. This will include Electron Microscopy, Confocal Microscopy
and whole animal imaging (MRI, PET/CT).
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Core Facilities: Technology Networks

»Genetics/Genomics Technologies

»Imaging

» Structural Biology

»Drug Development

»Preclinical Assay Development

»Basic & Clinical Resources

»Robotics, Rehabilitation, and Biomechanics
Technologies
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Genetics/Genomics Network

»Biopolymer/Genomics Core Facility
»Genomics Resource Center
»Cytogenetics Laboratory

»Transgenic and Knockout Core Facility
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Imaging Network

»Confocal Microscopy Core Facilities
»Electron Microscopy Core Facility

»Center for Translational Research in Imaging
»Magnetic Resonance Research Center
»Neuroimaging and Neurorobotics Center
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Structural Biology Network

»NMR Center

» X-ray Crystallography Core

»Mass Spectrometry Core

»Proteomics Core

»Edman Sequencing and Protein Analysis Core
»Biacore Core Facility

»Protein Production and Purification
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NMR Center

Structure/Function of Dispersin and AAF/Il fimbriae in
Enteroaggregative Escherichia coli

B6

B3

B4

3D structure of dispersin (Q-factor=0.27). (Top) Stereoview of the overlay of

the 20 low-energy structures of dispersin based on NMR-derived constraints.
(Bottom) Ribbon diagram illustrating the 3D structure of dispersin in two

orientations. These structures were fully completed by an MD/PHD student in
Dr. Nataro’s lab, Dr. Jorge Velarde, who was trained in the UMB NMR center.

Velarde, et. al., Mol. Microbiol., 2007, 66:1123-1135.
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~ X-ray Crystallography Core

nonspecific
complex
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Structural studies of the human thymine-
DNA glycosylase abasic product complex

The Drohat lab solved the crystal structure of
hTDG (catalytic domain, hTDG®®) in complex with
abasic DNA, at 2.8 A resolution. Surprisingly, the
enzyme crystallized in a 2:1 complex with DNA,
one subunit bound at the abasic product site, and
the other at an undamaged (nonspecific) site.
Kinetics experiments show that the 1:1 complex is
sufficient for full catalytic activity, suggesting that
the 2:1 complex, if adopted in vivo, might be
important for some other activity of hTDG, perhaps
binding interactions with other proteins. This
structure revealed interactions that promote the
stringent specificity for guanine versus adenine as
the pairing partner of the target base and
interactions that likely confer CpG sequence
specificity.

Maiti, et al., PNAS, 2008.
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Drug Development Network

»Pharmacokinetics Biopharmaceutical Laboratory
»Industrial Pharmaceutics Laboratory

»Clinical Pharmacology Unit

»Center for Nanomedicine and Cellular Delivery
»Computer Aided Drug Design

»High-throughput Screening Core
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ﬂ?reclinical Assay Development Network

»Flow Cytometry

»\eterinary services

» Translational Core Facility

» Cellular Physiology Core Facility
»Small Animal Physiology Core
»Cytokine Laboratory
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Basic and Clinical Resources Network

»NICHD Brain and Tissue Bank for Developmental
Disorders

»Pathology Biorepository and Research Core

»Maryland Psychiatric Research Center’s Maryland
Brain Bank

»Histology Core

»Biostatistics Shared Resource

»Informatics Resource Center

»Pharmaceutical Research Computing

»BIORESCO (Biomedical Research Supply Core)
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*Dathology Biorepository and Research Core
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Relationship of EP1 expression to overall survival

in women with invasive ductal carcinoma. The
absense of nuclear EP1 expression (black line) is
correlated with significantly worse survival in
comparisonto any EP expression (red line). By gene

EP1 Immunohistochemistry in human breast tissue. A. No
nuclear or cytoplasmic EP1 expression in IDC. B. Benign
lobules with EP1 detected in cytoplasm and nucleus. C.
EP1 in nucleus of IDC. D. EP1 in cytoplasm of IDC.

array analysis, 72% of breast tumors from African-
American women are negative for EP1; 23% of = oo

Wn doﬁﬁT
not exprew ]T. A. Fulton, Cancer Res. 2007+
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UMB / UMCP Collaboration
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