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CELLS FOR TISSUE
ENGINEERING/REGENERATIVE MEDICINE

* Autologous

— Differentiated parenchymal cells of same or
other tissue type

—Stem cells (adult)
* Allogeneic
—Same as above

— Fetal stem cells
— Embryonic stem cells



WHAT ARE STEM CELLS?

* Cells with the capacity for unlimited or
prolonged self-renewal.

* Cells that can produce at least one type of
highly differentiated descendant.



http://www.nih.gov/news/stemcell/primer.htm
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Stem Cells: A Primer
Definitions

Stem cells - cells that have the ability to divide for indefinite
periods in culture and to give rise to specialized cells.

* Multipotent -giving rise to many cell types.

* Pluripotent -capable of giving rise to most tissues of an
organism.

* Totipotent - having unlimited capability. Totipotent cells
have the capacity to specialize into extraembryonic
membranes and tissues, the embryo, and all postembryonic
tissues and organs.



e Pluripotent stem cells undergo | http://www.nih.gov/news/stemcell/primer.htm
further specialization into stem
cells that are committed to give
rise to cells that have a particular
function. These more specialized
stem cells are called multipotent.

Totipotent
Cells

* Multipotent stem cells are also
found in adults. For example, the
blood stem cell perform the

critical role of continually Pluripotent
replenishing our supply of blood
cells . \
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How are pluripotent stem cells derived?

* Pluripotent stem cells can be isolated directly
from the inner cell mass of human embryos at
the blastocyst stage and cultured to produce a
pluripotent stem cell line.

* Pluripotent stem cells can be isolated from fetal
tissue obtained from terminated pregnancies.
Cells can be taken from the region of the fetus
that is destined to develop into the testes or the

ovaries.

http://www.nih.gov/news/stemcell/primer.htm




| http://www.nih.gov/news/stemcell/primer.htm

Potential Applications of Pluripotent
Stem Cells

* Help to understand the events that occur during development.

— identification of the factors involved in the cell
specialization; "decision-making' genes .
» Change the way drugs are developed and tested for safety.

— new medications could be initially tested using human cell
lines.

 Generation of cells and tissue that could be used for so-called
""cell therapies."

— donated organs and tissues are often used to replace ailing
or destroyed tissue.

— the number of people suffering from these disorders far
outstrips the number of organs available for
transplantation.



| http://www.nih.gov/news/stemcell/primer.htm

Adult Stem Cells

* Multipotent stem cells can be found in some types of
adult tissue. In fact, stem cells are needed to replenish
the supply cells in our body that normally wear out (e.g.,
the blood stem cell).

* Multipotent stem cells have not been found for all types
of adult tissue, but discoveries in this area of research are
increasing.

— neuronal stem cells have been isolated from the rat
and mouse nervous systems. The experience in
humans is more limited.

— a kind of cell that may be a neuronal stem cell has
been isolated from adult brain tissue.



Do adult stem cells have the same
potential as pluripotent stem cells?

» Until recently, little evidence that multipotent cells such as
blood stem cells could change course and produce cells
other than a blood stem cell or a specific type of blood cell.

— In animals, it has been shown that some adult stem cells are able to
develop into other types of specialized cells.

— In mice neural stem cells placed into the bone marrow appeared to
produce a variety of blood cell types.

— In rats, stem cells found in the bone marrow were able to produce
liver cells.

» Even aiter a stem cell has begun to specialize, the adult
stem cell may, under certain conditions, be more flexible
than first thought.

http://www.nih.gov/news/stemcell/primer.htm




Why not just pursue research with
adult stem cells?

* Multipotent cells have great potential for use in cell
therapies with the following advantages.

— Transplantation of ex vivo-manipulated autologous
cells would not likely result in rejection.

— Reduce or even avoid the practice of using stem cells
derived from human embryos or human fetal tissue,
sources that trouble many people on ethical grounds.

http://www.nih.gov/news/stemcell/primer.htm




STEM CELL
HISTORICAL PERSPECTIVE

* The finding that the adherent cell population derived from adult
whole marrow includes mesenchymal (multipotent) stem cells dates
back almost 3 decades.

— AJ Friedenstein, ef al., Exp. Hematol. 2:83-92, 1974

» Early finding of the requirement for MSCs as “support cells” for
hematopoietic stem cell cultures.

— TM Dexter, et al., J. Cell. Physiol. 91:335-344, 1977
— AJ Friedenstein, et al., Transplantation 17:331-40., 1974

* Only a few years since pluripotent stem cells isolated from embryos
and fetuses.

— JA Thomson, et al., Science 282:1145 (1998)
— MJ Shamlott, ef al., PNAS 95:13726 (1998)




EMBRYONIC AND FETAL STEM CELLS
HISTORICAL PERSPECTIVE

* In November, 1998, James Thomson of the
University of Wisconsin isolated
embryonic stem cells from “surplus™

embryos.

* A few days later, John Gearhart of the
Johns Hopkins University published word
that he cultured a line of stem cells from
germ cells from aborted fetuses.



How are pluripotent stem cells derived?
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Commercial Interest in Stem Cells is High
BETTING ON STEM CELLS

. Company name Location Employees Specnalty
Aastrom B[osaences Ann Arbor MI 33 Hematopmetlc stem cells
Geron Corp | ‘Menlo Park, CA ‘IOOMm'mmmEmbryonlc fetal stern cells
Layton BloSCIence H"'I"Atherton CA 25  Fetalneural stem cells
NeuralSTEM  Bethesda,MD 14 - Fetal neural stem cells
Blopharmaceutlcals

Neuronyx Inc "'Ma[\;em pA 10Neura[ stem ce[l_s

Nexell Irvme CA et 20 30 ”'Hematopmetlc stem cells
Therapeutlcs Inc.

Osiris Therapeutlcs M'Baltlmore MD "w?:gmww““""""Mesenchyma[ stem cells

ReNeuron London 177 '_Neuralstem cells
Stem Cell Sciences Melbourne, — Embryonlc stem cells
Australia

StemCells Inc. ~ Sunnyvale, CA 16 Adult neural stem cells

T Science 287:1420 (2000)



The Promise of Stem Cell Research
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CELLS BEING REFERRED TO AS
“STEM CELLS”

e Can divide in culture for only a limited
number of passages and still be induced to
differentiate into selected cell types (z.e.,
cannot divide indefinitely).

* Can only be induced to differentiate into
only a few specialized cell types.

* Most tissues appear to contain such cells.



NEED FOR STEM CELLS IN TISSUE
ENGINERING/REGENERATIVE MEDICINE

Problems in Using Differentiated Cells

» Limited availability of differentiated
autologous cells.

* Morbidity of a harvest procedure and
donor site.

* Limited proliferative capacity and
biosynthetic activity.



Vogel, Gretchen. “Can Adult Stem Cells Suffice?” Science 292: 1820 (2001)

* Stem cells can be found in many tissues of the body and
developing embryos and fetuses
— ES cells are pluripotent; with the correct cues they can give
rise to any kind of cell in the body
— Adult stem cells are multipotent; they can produce many,
but not all, cell types
* Adult bone marrow cells have been in use for more than a
decade, whereas embryonic stem (ES) cells were isolated for
the first time 3 years ago
* Surprising flexibility of adult stem cells found in many tissues
* ES cells multiply more readily and seem far more proficient in
producing certain specialized cell types



The Mesengenic Process

The Mesengenic Process
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Multilineage Cells from Human Adipose Tissue:
Implications for Cell-Based Therapies

* Determined if a population of stem cells could be isolated
from human adipose tissue.

 Human adipose tissue, obtained by suction-assisted lipectomy
(i.e., liposuction), was processed to obtain a fibroblast-like
population of cells or a processed lipoaspirate (PLA).

* PLLA cells can be maintained in vitro for extended periods
with stable population doubling and low levels of senescence.

» Immunofluorescence and flow cytometry show that the
majority of PILA cells are of mesodermal or mesenchymal
origin with low levels of contaminating pericytes, endothelial
cells, and smooth muscle cells.

PA Zuk, et al. Tiss. Engr. 7:211(2001)



Multilineage Cells from Human Adipose Tissue:

Implications for Cell-Based Therapies

PLA cells differentiate in vitro into adipogenic,
chondrogenic, myogenic, and osteogenic cells in the
presence of lineage-specific induction factors.

The data support the hypothesis that a human
lipoaspirate contains multipotent cells and may represent
an alternative stem cell source to bone marrow-derived
MSCs.

PA Zuk, et al. Tiss. Engr. 7:211(2001)



STEM CELLS FROM MARROW
Rationale for Clinical Value

Historical Perspective

1869 Autologous marrow induces bone at heterotopic
sites (E. Goujon)

1919 Marrow has osteogenic activity (A Keith)
1961 Osteogenic properties of marrow (RG Burwell)

1986 Intra-op centrifugation of marrow and

percutaneous injection for treating non-unions
(J Connolly, et al., Neb. Med. J. 71:105)

1995 Marrow infiltrating into defects in articular
cartilage provide stem cells for chondrogenesis



	Massachusetts Institute of TechnologyHarvard Medical School Brigham and Women’s HospitalVA Boston Healthcare System
	CELLS FOR TISSUE ENGINEERING/REGENERATIVE MEDICINE
	Potential Applications of Pluripotent Stem Cells
	Adult Stem Cells
	Do adult stem cells have the same potential as pluripotent stem cells?
	Why not just pursue research with adult stem cells?
	STEM CELLHISTORICAL PERSPECTIVE
	EMBRYONIC AND FETAL STEM CELLSHISTORICAL PERSPECTIVE
	CELLS BEING REFERRED TO AS “STEM CELLS”
	NEED FOR STEM CELLS IN TISSUE ENGINERING/REGENERATIVE MEDICINE
	The Mesengenic Process
	Multilineage Cells from Human Adipose Tissue: Implications for Cell-Based Therapies
	Multilineage Cells from Human Adipose Tissue: Implications for Cell-Based Therapies
	STEM CELLS FROM MARROWRationale for Clinical Value


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




