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CD133 - the pluripotent
stem cell marker

CD133 (formerly AC133) is known to be a
marker of primitive hematopoietic stem and
progenitor cells (HSC and HPC, respectively)
and was originally found on HSCs and HPCs
deriving from human fetal liver, bone marrow,
and peripheral blood." Phenotypical analysis of
CD133-expressing cells (CD133* cells) revealed a
high expression on primitive hematopoietic and
myeloid progentor cells?, whereas CD133-CD34*
cells were shown to mostly consist of B cell

and late erythroid progenitors? as well as other
more committed hematopoietic progenitors*.
Moreover, functional studies showed that
CD133 is dimly or not expressed on late
progenitors, such as pre-B cells, CFU-E (colony
forming unit-erythrocytes), and CFU-G (colony
forming unit—granulocytes), and populations
of CD133" cells are highly enriched in long-
term culture initiating cells (LTC-ICs), the most
primitive human hematopoietic cells which

can be assayed in vitro.** Thus, CD133* cells
appear to be ancestral to CD34+* cells, especially
as the latter can be generated in vitro from
CD133*CD34" cells®, and CD133* cells display a
higher proliferative activity®’. Populations of
CD133* cells are also able to repopulate severe
combined immunodeficient (SCID) mice, and
can serve as precursors to functionally active
dendritic cells*® and neutrophils®. CD133-
selected cells are currently under investigation
for use in stem cell tranplantations for the
reconstitution of the hematopoietc system after
irreversible damage, e.g. by chemotherapy.?

CD133 - a marker for primitive
hematopoietic stem and progenitor cells

Characterization
of 6-week-old
adherent cells.
Adherent cells
that emerged
from CD133*
cells initially
transfected with
enhanced green
fluorescent protein
(EGFP) were
counterstained
with CD133/1
(AC133)-PE.

The yellow
fluorescence
indicates double
staining of the
buds as a result
of an overlay of
green (EGFP)

and red (CD133%)
fluorescence.

B =bud on the
cell surface.
Courtesy of Selim
Kuci, Tibingen,
Germany

CD133 - a marker for stem cells
with pluripotent plasticity

CD133, the structural homolog of murine prominin-1'°, is
regarded as an important marker for the identification

and isolation of primitive stem and progenitor cells in

both hematopoietic and nonhematopoietic tissues. CD133-
expressing stem and progenitor cells can be found in liver,
muscle, kidney, prostate, and neural tissues and have been
shown in vitro to be capable of induced differentiation to
endothelial cells, neural cells, hepatocytes, myocytes, and
osteoblasts. CD133* cells isolated from mobilized peripheral
blood partly adhere to plastic and become negative for CD133
expression. After several weeks of cultivation, adherent cells
are capable of giving rise to non-adherent CD133* cells."2
Transplantation of these non-adherent CD133* cells into
NOD/SCID mice not only induced a multilineage human
hematopoiesis, including T cells and NK cells, but CD133* were
also present in the liver, lung, brain, heart, gut, and striated
muscle of the mice, indicating that CD133" cells can repopulate
these organs, sustain tissue-specific regenerating processes,
show SCID-repopulating potential, and thus possess the
pluripotent capacity to differentiate into tissues of mesodermal,
ectodermal and endodermal origin."? Furthermore, adherent
cells show the potential to differentiate to muscle-, liver- and
neural-like cells in vitro.”®




CD133* cells,
isolated from
mobilized blood,
gave rise to
adherent cells
after 3-5 weeks of

cultivation. These
cells were able
to differentiate
to hepatocyte-
like cells. a) The
cells are stained
for hepatocyte
nuclear factor-3
(FITC), albumin
(Cy3) and nuclei
(DAPI). b) The
cells are stained
for cytokeratin 19
(Cy3) and nuclei
(DAPI) (200x%).
Courtesy of Selim
Kuci, Tibingen,
Germany

CD133-selected
cells from
mobilized PBMCs
were cultivated
for 3-5 weeks.
Adherent cells
were able to
differentiate to
neural-like cells.
a) astrocyte-like
cells stained

for GFAP (Cy3),
EPO (FITC) and
nuclei (DAPI). b)
oligodendrocyte-
like cells stained
with GFAP (FITC),
MBP (Cy3) and
DAPI (nuclei) c)
neuronal-like
cells stained for
beta-tubulin Il
(Cy3) and nuclei
(DAPI)(200x).
Courtesy of Selim
Kugi, Tibingen,
Germany

Epithelial cells

Liver

The liver is well known for possessing a large capacity for
regeneration after resection, therefore tissue regeneration and

cell therapies are being discussed as alternative solutions to

organ transplantation in severe liver disorders. The appearance

of donor-derived hepatocytes after HSC transplantation' has also
given support to theories of regenerated tissue originating from
circulating stem cells: intraportal administration of CD133* bone
marrow-derived stem cells successfully resulted in an increased
regeneration of liver tissue after partial resection.” Following liver
injury, transplanted human HSC/HPC populations from bone marrow
and cord blood also had the capacity to generate cells within the
recipient liver that synthesized and secreted human albumin into
the sera of mice.'® Furthermore, CD133* CD117* CD45- Tryptase™ cells
are discussed to be circulating liver progenitors which are also found
in the cellular infiltrate during massive hepatic necrosis (MHN)."” In
vitro, MAPCs (multipotent adult progenitor cells), described as being
CD133* '8, differentiated into hepatocytes expressing cytokeratin 18
and albumin and also acquired functional characteristics of
hepatocytes™.

Prostate

Genetic damage to stem cells in different tissues has long been
linked to causing cancer, including prostate cancer and benign
prostatic hyperplasia.? Further characterization of pathways
governing proliferation and differentiation of epithelial stem cellsis a
major goal. In the prostate, CD133 expression was shown to be found
on a,B," basal cells®', which were defined as the prostate epithelial
stem cell population.?? When transplanted into athymic nude mice,
separated CD133" cells from prostatic tissue regenerated a fully
differentiated prostatic epithelium, including acini that secreted
prostate-specific products.”!

Kidney

CD133" cells were also isolated from the human kidney and could

be differentiated in vitro into epithelial or endothelial cells. Upon
transplantation into tubulonecrotic SCID mice, CD133* cells migrated
to the damaged kidneys and integrated into tubules, forming tubular
structures that expressed renal epithelial markers. Therefore, CD133*
cells deriving from the kidney may be applicable to renal tissue
regeneration therapies.

Neural cells

In recent years, the long-standing principle that the central nervous
system (CNS) is non-renewable has been challenged by studies
showing the ability of specific cell types to perform neurogenesis.
Neural stem and progenitor cells have even further come into focus
for their potential to promote recovery from neurodegenerative
diseases or injuries tothe central nervous system. CD133* cells
isolated from fetal liver*, umbilical cord blood*, bone marrow?,
and mobilized blood?, were capable of in vitro differentiation to
neuronal cells as well as to astrocytes?**%, oligodendrocytes®?,
and glial cells®.

Similarly, CD133* cells isolated from human fetal brain®-? or skin*
tissues were able to form self-renewing neurospheres in vitro, and
to differentiate into neurons?3 and glia®. Moreover, when injected
into mice, human CD133* cells differentiated into fully integrated
neurons and glial cells*3" as well as astrocytes and endothelial
cells*2. Animal models of stroke damaged brains in rats*° and

spinal cord injuries in mice® have also demonstrated the ability of
injected neural stem cells to migrate to sites of lesions as well as

to differentiate into functional neuronal phenotypes. In the case

of spinal cord injuries, re-myelination, locomotive recovery, and
synapse formation were all observed.?'



Endothelial cells

Endothelial progenitor cells (EPCs) have been suggested to play an
important role in postnatal neoangiogenesis and neovascularization,
and have also come into focus for the potential treatment of ischemic or
injured tissue3**> and myocardial infarction®*-*’. Circulating EPC (cEPC)
levels are also being considered as a clinically measurable parameter

in the assessment of risk factors for various diseases.**-* CD133*

cells isolated from bone marrow*'*?, cord blood**, mobilized* and
unmobilized*®** peripheral blood are capable of giving rise to endothelial
cells in vitro in addition to the reconstitution of the hematopoietic
system in vivo®. CD133* cell populations, therefore, potentially contain
hemangioblasts, the common precursor of HSCs, HPCs, and EPCs.’
Furthermore, after transplantation into nude mice suffering from ischemic
hind limb, separated CD133 cord blood cells were able to incorporate
into capillary networks, augment neovascularization, and improve
ischemic limb salvage.®*

Circulating EPCs, defined by the expression of CD133, CD34 and VEGFR-2
(flk-1/KDR)*+-%, were found to be mobilized in the peripheral blood after
heart failure*, during the early phase of myocardial infarction*’, vascular
trauma®, after the application of cytokines (e.g. G-CSF, GM-CSF)',
physical training**>3, or after the cessation of smoking®*, indicating their
potential to serve as a diagnostic parameter and individual risk factor.
Moreover, cEPCs in chronic disease states have also been shown to be
functionally impaired**; EPCs of dialysis patients display an impaired
adhesive ability and a reduced migratory activity®¢, the latter also being
described in sufferers of coronary artery disease®, suggesting that the
endothelial integrity itself may even be connected with the functional
regenerative potential of cEPCs.

Myocytes

Myocytic progenitors are suggested to be a promising tool for the
treatment of myopathies, e.g. to regenerate muscular dystrophies or
to revitalize scar tissue generated by myocardial infarction. Circulating
EPCs isolated from PBMCs were able to transdifferentiate into
functionally active cardiomyocytes in vitro when co-cultivated with

rat cardiomyocytes.>® CD133* cells isolated from PBMCs underwent
myogenesis when co-cultivated with mouse myoblasts, forming
myotubes, and were capable of migrating within muscle tissue and
paticipated in dystrophin-positive muscle regeneration, myogenic
satellite cell replenishment and endothelial cell differentiation when
transplanted into dystrophic muscles of scid/mdx mice.*® Furthermore,
cEPCs from umbilical cord blood were also able to give rise to skeletal
muscle cells when transplanted into mice.®°

The use of cord blood- or bone marrow-derived CD133* cells to restore
myocardial tissue viability after infarction has already been shown to
be beneficial in vivo: CD133* cells were able to migrate, colonize and
survive in the infarcted myocardium and support functional recovery by
preventing scar thinning and dsytolic dilatation®'. CD133* cells may also
induce angiogenesis within the infarcted myocardium.3**” The successful
use of CD133* fetal liver cells to generate functional cardiomyocytes in
vitro also raises the possibility of alternative cell sources for therapeutic
angiomyogenic cell transplantation.®> Moreover, stem cells positive

for CD133 expression but negative for hematopoietic and endothelial
markers such as CD34, CD45, CD31, and KDR, could be isolated from
skeletal muscle by cultivation.®

Other cell types

CD133 is found to be expressed on undifferentiated embryonic stem (ES)
celllines, e.g. H1, H7, and H9 cells®*%, but becomes down-regulated when
cells obtain functional and phenotypical properties upon differentiation
toward hematopoietic lineages®®.

It is highly probable that all tissues contain a population of stem cells that

are responsible for their continued growth and regeneration.®” CD133* cells

from the stroma of human cornea have the capacity to proliferate in vitro;

colonies derived from CD133" cells could be differentiated into fibroblastic

cells, indicating that CD133" cells represent stem cell of the corneal
stroma.®® Stem cells with mesodermal differentiation capacity could also
be highly enriched from cord blood using CD133.%° With certainty, the
list of tissues containing populations of CD133* stem cells will broaden,
possibly to include nearly all tissues within the human body.

Phase-contrast
micrographs of EC
cultures

a) CD133-selected
cells after two

weeks of culture.
The cells grown on
fibronectin form
isolated colonies
with cells showing
a central body and
short cytoplasmic
dendrites (400x).
b) UEA-1-selected
cells at confluence
after three weeks
of culture. The
cells have a typical
spindle-shaped
morphology
(100x). Courtesy
of Nadia Quirici,
Milan, Italy.

CD133-selected
cells from
mobilized PBMC
were cultivated
for 3-5 weeks.
Adherent cells
were able to
differentiate to
skeletal muscle-
like cells.

The cells are
stained for Desmin
(FITC), Actin (Cy3)
and nuclei (DAPI)
(200x). Courtesy
of Selim Kugi,
Tubingen,
Germany
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Stem cell differentiation
tracking by gene

expression profiling

PIQOR™ Stem Cell Microarray

(human: 942 genes/ mouse: 916 genes)

Microarray and Bioinformatics Services

Relevant marker genes for stem cells Save time and resources
The PIQOR™ Stem Cell Microarray comprises relevant marker No need to establish microarray technologies or optimize
genes for human and murine stem cells and key genes involved  protocols: simply send cell, tissue, or blood samples and receive
in their differentiation. It is available as a convenient microarray reliable results and detailed documentation in return.
kit* or within the scope of the Microarray Service.

Gene expression profiling from 1-100,000 cells
Thorough selection of genes Cells sorted with MACS® Technology, cells sorted by flow
Genes have been assembled in cooperation with expertsin the  cytometry, laser capture microdissected cells, primary cells, and
field following extensive literature screening, gene expression tissue biopsies can be analyzed using the SuperAmp Service.
profiling data analyses, and bioinformatics-based homology
screening. Ready-to-publish data

Bioinformatics Services allow the in-depth analysis of expression
Quality control and evaluation of stem cell differentiation data. Experienced bioinformatics specialists perform the
Gene expression experiments allow for the quality control of biological interpretation based on extensive cluster and
different stem cell types, the comparison of differentiation pathway analyses.
stages, and the optimization of differentiation protocols.
Accurate quantification with high-quality microarrays. MRNA isolation and cDNA synthesis
Each PIQOR™ Microarray contains six housekeeping genes
and six controls (herring sperm DNA, salt, four artificial control MACS® Technology enables the ultra-fast magnetic isolation of
RNAs) for the accurate quantification of the differential high-quality mRNA and in-column cDNA synthesis — from just a
expression patterns. Genes are spotted in quadruplicates. few cells up to 107 cells. The one-step procedure gives pure, first-
The a-Hyb™ Hybridization Station enables fully automated strand cDNA - for PCR or microarray analysis.
processing of microarrays.

*PIQOR™ Microarray Kits are available in Europe only.




MACS® stem cell products Size Order no.

Cell separation products

CD133 MicroBead Kit, human 2x10°total cells #130-050-801
CD34 MicroBead Kit, human 2x10°total cells #130-046-702

1x10"total cells #130-046-703
CD34 MultiSort Kit, human 2x10°total cells #130-056-701
CD117 MicroBead Kit, human 2x10%total cells #130-091-332
MSC Research Tool Box — CD71 (LNGFR), human 1x10%total cells #130-092-291
CD271 (LNGFR) MicroBead Kit, human 1x10°total cells #130-092-283
CD105 MicroBeads, human 1x10°total cells #130-051-201
Anti-Fibroblast MicroBeads, human 1x10°total cells #130-050-601
Lineage Cell Depletion Kit, human 1x10%total cells #130-092-211

Fluorochrome-conjugated antibodies

CD133/1 (AC133)-PE, human 100x107 cells #130-080-801
CD133/1 (AC133)-APC, human 100107 cells #130-090-826
CD133/1 (AC133)-Biotin, human 100x107 cells #130-090-664
CD133/1 (AC133) pure, human 50 ugin T mL #130-090-422
CD133/1 (W3B6C1) pure, human - for Western blot 100 pg in 1 mL #130-092-395
CD133/2 (293C3)-PE, human 100x107 cells #130-090-853
CD133/2 (293C3)-APC, human 100x107 cells #130-090-854
CD34-FITC, human 100x107 cells #130-081-001
CD34-PE, human 100x107 cells #130-081-002
CD34-APC, human 100x107 cells #130-090-954
CD117 (A3C6E2)-PE, human 100107 cells #130-091-734
CD117 (A3C6E2)-APC, human 100x107 cells #130-091-733
CD271 (LNGFR)-PE, human 100x107 cells #130-091-885
CD271 (LNGFR)-APC, human 100x107 cells #130-091-883
Stem cell media

NH CFU-F Medium 24x5 mL #130-091-676
NH Expansion Medium 500 mL #130-091-680
NH AdipoDiff Medium 100 mL #130-091-677
NH ChondroDiff Medium 100 mL #130-091-679
Microarray products and services No. of genes/ | Order no.

microarray

Microarray Service

SuperAmp™ Service includes SuperAmp Preparation Kit #160-000-936
for sample lysis and storage.
Minimum order quantity 4x SuperAmp Service

Service Stem Cell Microarray Plus Amplification, human 942 # 160-000-765
Service Stem Cell Microarray Plus Amplification, mouse 916 # 160-000-766

Microarray Service Plus Amplification requires at least 1 pg total RNA/sample (approx. 5x104 cells or T mg
tissue). Microarray Service includes RNA preparation, optional amplification, sample labeling, hybridization
with PIQOR™ Microarray, Scanning, primary data analysis and optional Bioinformatics Services.

PIQOR™ Microarray Kit

PIQOR™ Stem Cell Microarray Kit, human, antisense, 4 microarrays | 942 #130-092-033 Unless otherwise specifically indicated, all Miltenyi Biotec products
- - - - - and services are for research use only and not for diagnostic or

PIQOR™ Stem Cell Microarray Kit, human, antisense, 8 microarrays | 942 #130-092-034 therapeutic use.

PIQOR™ Stem Cell Microarray Kit, mouse, antisense, 4 microarrays @ 916 #130-092-037 MACS is a registered trademark of Miltenyi Biotec GmbH.

PIQOR™ Stem Cell Microarray Kit, mouse, antisense, 8 microarrays @ 916 #130-092-036 PIQOR and SuperAmp are trademarks of Miltenyi Biotec GmbH.

PIQOR™ Microarray Kits are available in Europe only.
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