Docket #: S09-344

Monoclonal Antibodies to Ildentify
and Remove Teratoma-initiating
Stem Cells

Researchers in Prof. Irving Weissman's lab have developed and patented antibodies
and methods to prevent the formation of teratomas from human pluripotent stem
cells used for regenerative medicine, cell therapy or research. When derivatives of
embryonic stem cells or induced pluripotent stem cells (ESCs and iPSCs) are used as
a source of therapeutics, one critical safety concern is that teratomas may form from
residual undifferentiated pluripotent cells. This technology includes novel cell
surface markers of pluripotency (including stage-specific embryonic antigen-5, or
SSEA-5) and monoclonal antibodies to the markers which can be used to identify and
remove these residual teratogenic cells non-invasively, prior to the transplantation
of ESC or iPSC derivatives. The differentiated cell populations produced after
pluripotent cell removal could be used for tissue regeneration, drug screening, or
basic research.
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(Top row) Representative FACS plots with bright SSEA-5 labeling of pluripotent
hESCs (undiff - blue), and its decline following 7-day treatment with fetal bovine
serum (FBS - green), and FBS supplemented with RA (red) or BMP4 (grey). Compared
to TRA-1-81, SSEA-3, and SSEA-4, SSEA-5 exhibited higher staining intensity on
hESCs and greater reduction in expression. (Middle row) Gating strategy used to
sort 3-day RA-treated hESCs for SSEA-5/CD9/CD90 triple high and low sorted
populations and transplanted into immunodeficient mice. (Bottom row) Time series
luciferase signal of implants derived from SSEA-5/CD9/CD90 triple high (purple) and
low (red) sorted populations. The Tra-1-81/SSEA-4 double high (green) implants were
found to exhibit high luciferase signals similar to Tra-1-81/SSEA-4 double low (blue)
and SSEA-5/CD9/CD90 triple high populations. (For full figures see Ref #1).

Stage of Research:

The inventors have used monoclonal antibodies to SSEA-5 and two additional
pluripotency markers for fluorescence-activated cell sorting (FACS), magnetic-
activated cell sorting (MACS), immunopanning, or antibody-based separation

methods to completely remove teratoma-formation potential from incompletely
differentiated human ESC cultures.



Applications

e Regenerative medicine :

o removal of residual undifferentiated human ESCs/iPSCs prior to
transplantation to prevent teratoma formation

o screen iPSC colonies to detect those that are full undifferentiated

e Research:

o detection, labeling and isolation of undifferentiated human ESCs and
iPSCs, teratoma stem cells, pluripotent cells in vivo, in fixed tumors, and
embryoid bodies to study ESC differentiation, iPSC line derivation and
possibly cancer biology

o detection and screening of fully differentiated iPSC colonies and tracking
the iPSC derivation process

Advantages

e Comprehensive, prospective removal of tumor-forming cells

e Universal protocols - the cell surface markers, antibodies and
immunodepletion techniques can be used for any human pluripotent cell type,
including patient iPSC lines

e No cellular modifications - cell surface markers are intrinsic to all cells,
compared to chemical or genetic approaches which are more invasive and
require modifications of the cells that will be transplanted

e Specific - the SSEA-5 antibody is highly specific for a glycan marker H-type 1
antigen on undifferentiated cells

e Versatile - the SSEA-5 antibody can be used at multiple stages in the
production of an ESC/iPSC derived product (for example: early within a
differentiation process to remove undifferentiated cells before allowing the
product to fully mature and expand in number; as a screening tool to ensure
that batches are devoid of pluripotent cells; and as a final phase in purification)

Publications

e Tang et al. An antibody against SSEA-5 glycan on human pluripotent stem cells
enables removal of teratoma-forming cells. Nature Biotechnology. Aug 14,



http://dx.doi.org/10.1038/nbt.1947
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2011.
e Krista Conger. Discovery may eliminate potentially lethal side effect of stem cell
therapy. Inside Stanford Medicine. Aug 14, 2011.

Patents

e Published Application: W02011094538
e Published Application: 20130028909
e Issued: 9,175,079 (USA)
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