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and for extrapolation of biomarker candidates from animals in the non-clinical to humans in the clinical *
studies: The results are still partial and the rest of the analysis is ongoing. However, we developed sen: -
sitive proteomic system for urine ‘and found large inter-sex differences in the proteomic profiles of rat.
In addition, matrix-, sex- and generation-differences were also observed in the metabolite levels in hu-
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 man blood, some of which showed over 2fold differences. We continue this regulatory science studiesi* e
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In Vitro Tumorigenicity Tests for Process Control of Health Care Products Derived
from Human Induced Pluripotent Stem Cells
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The goal of pharmaceutical sciences is to deliver effective and safe medicinal products to patients. To achieve this
goal, we need to ensure the efficacy, safety and quality of the products. Currently, many attempts are made'to utilize hu-
man induced pluripotent stem cells (hiPSCs) in regenerative medicine/cell therapy. There are significant obstacles,
however, preventing the clinical use of hiPSC-derived products. One of the most obvious safety issues is the presence of
residual undifferentiated cells that have tumorigenic potential. Therefore, the assessment and control of the tumorigenic-
ity of hiPSC-derived productsis essential in order to prevent tumor development by residual pluripotent stem cells after
implantation. We recently examined three in vitro assay methods to detect undifferentiated cells: soft agar colony forma-
tion assay, flow cytometry assay and quantitative real-time polymerase chain reaction assay (qQRT-PCR). Although the
soft agar coIony formation assay was unable to detect hiPSCs, the flow cytometry assay usmg anti-TRA-1-60 antibody
detected 0.1% undifferentiated thSCs that were spiked in primary retinal pigment epithelial (RPE) cells. Moreover,
aRT-PCR with a specific probe and primers was found to detect a trace amount of LIN28 mRNA, which is equivalent to
that present in a mixture of a single hiPSC and 5.0 10* RPE cells. Our findings provide highly sensitive and quantitative
in vitro assays essential for facilitating safety profiling of hiPSC-derived RPE cells for’th'eik'r' clinical use.

Key words——induced pluripotent stem cell; regenerative medicine; tumorigenicity; safety; quality control
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Table 1. Comparison of the Tumorigenicity-associated Assays
. Soft agar colony ' . . In vivo tumorigenicity
‘As sgy formation assay Flow cytometry qRT-PCR assay usmg SCID mnice %
Measurement Colony formation Expression of marker pro- Exprf:sswn of marker gene. Tumor formatmn
standard tein for pluripotency for plunpotency
Purpose Detection of anchorage Detection qt undifferentiat- Detectmn of undlﬁeremtatf Detection of tumorigenic or
independent growth ed pluripotent cells ed pluripotent cells. undifferentiated pluripotent
cells
Time 30d td 6h 12-16w
Advantage Inexpensive Rapxd Rapid and simple Direct
Analyzing individual cells  Quantitative ‘Analyzing tumor formation
_in a specific mxcroenvxron
“ment
H1ghly sensmve cie :
Disadvantage Indirect Indirect Indlrect i Costly
Not applicable to hiPSCs  Detecting only the cells that - Detecting only the cellsthat - Time-consuming
express the known maker express the known marker i
molecules genes
Gating techniques strongly
*influence the result
LLOD 1% of PA-1 0.1% of hiPSC —<0.002% of iPSC* 245 undifferentiated hESCs

(TRA-1-60) -

. with 10° feeder ﬁbrobiasts

(Lin28) ,
' ©(0.025%)

* Not based on the calculation found in Ref. 13) because ih,e,backgfound signal from the negative controls {(primary RPE ceils) was not dctec(abh
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Summary: Human pluripotent stem cells (hPSCs) have
the potential for unlimited expansion and differentiation
into cell types of all three germ layers. Cryopreservation
is a key process for successful application of hPSCs.
However, the current conventional method leads to poor
recovery of hPSCs after thawing. Here, we demonstrate
a highly efficient recovery method for hPSC cryopreser-
vation by slow freezing and single-cell dissociation. After
confirming hPSC survivability after freeze-thawing, we
found that hPSCs that were freeze-thawed as colonies
showed markedly decreased survival, whereas freeze-
thawed single hPSCs retained the majority of their viabil-
ity. These observations indicated that hPSCs should be
cryopreserved as single cells. Freeze-thawed single
hPSCs efficiently adhered and survived in the absence of
a ROCK inhibitor by optimization of the seeding density.
The high recovery rate enabled conventional colony pas-
saging for subculture within 3 days post-thawing. The
improved method was also adapted to a xeno-free cul-
ture system. Moreover, the cell recovery postcryopreser-
vation was highly supported by coating culture surfaces
with human laminin-521 that promotes adhesion of dis-
sociated single hPSCs. This simplified but highly effi-
cient cryopreservation method allows easy handling of
cells and bulk storage of high-quality hPSCs. genesis
52:49-55, 2014. © 2013 Wiley Periodicals, Inc.

Key words: ectoderm; tissue endoderm; tissue mesoderm;
tissue other; tissue germ layer; process; early development;
single cell dissociation; slow freezing

Human pluripotent stem cells (hPSCs), including human
embryonic stem cells (hESCs) and human induced

pluripotent stem cells (hiPSCs), have an infinite prolifera-
tive potential and capacity for differentiation into all cells
of the three germ layers. For successful application of
hPSCs in transplantation therapy or drug discovery, it is
necessary to prepare large numbers of hPSCs with various
genetic backgrounds (Serra et czl., 2012). There are several
approaches to improve the yvield of hPPSCs, but cryopreser-
vation is a key operation because it enables long-term
preservation and easy transportation of cells. Currently,
hPSCs are cryopreserved by vitrification or slow cooling
(Heng et al., 2005; Reubinoff et al., 2001). Vitrification
involves flash cooling directly in liquid nitrogen, and some
studies have recovered 20-90% of undifferentiated hPSC
colonies postcryopreservation (Ii ef al., 2010; Suemori
et al., 20006). However, vitrification requires skilled manip-
ulation and strict temperature control during storage and
transportation, because of the small volumes of cryopro-
tectant used, making it impractical for large-scale storage
of hPSCs. In contrast, conventional slow cooling controls
the cooling rate at 1°C/min in freezing medium that

Additional Supporting Information may be found in the online version of
this article.
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