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Abstract Introduction Aim of Study

Human induced pluripotent stem cells (iPSCs) have high potential application, such as therapeutic . . . o . . .
application, examining congenital disorders and drug screening, because of their capability of The number of required differentiated cells Conventional methods of embryoid bodies (EBs) formation

differentiation into variety cell types. Suspension culture of iPSCs induces the formation of Refefenwfa,iettall-l?fainl\?‘:fezfchd%o%3%}5?2;3;;9%039 s
. . . . €1 el al. rToC. INatl. Acad. dCI. -
multicellular aggregates called as embryoid body (EB). EB formation is known to be a general
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step during the differentiation process of the IPSCs. In addition, the differentiation efficiency Iis Cell-based therapy Drug screening| | \ ( \
highly dependent upon the size and uniformity of the formed EBs. | | I
Although there are several methods for the EB formation including hanging drop, static suspension N ure Reviews (2014) 10, 856-672 | | | : |
culture and using bioreactor, it is necessary to develop easier, more size-controllable, scalable and (2006) 7, 628-643 | |
i ] ] ) (2014) 14, 181-194 | | | | |
reproducible methods for their practical usage. In such a purpose, we attempted to apply novel Hart repair after N |
microfabric culture vessels (named “EZSPHERE”), in which a large number of micro-wells are myocardial infarction | || 3 |
so_lely created on culture surface of ?he plastic dishes or plates by laser bea_m, followed by coati_ng 17 cells Ny | Sreuroriie of £25 | . Scalable SradlEton o E25 i | . st TETRGE |
with low-adhesion reagents. The diameter and depth of each created micro-well can be easily . = | | | o | | |
altered around 200-1,000 um and 100-400 um, respectively, by tuning exposure time or intensity ¢! |- Easyto manage | |+ Controlled monitoring | | |
of the laser beam In the microfabric process. mp | | . Easy to manage | | |
When iPSCs were inoculated into a standard type of the EZSPHERE (approximately 2,400 micro- Cell therapy for 5. | | | | !
wells per 35 mm dish), these cells aggregated immediately and formed uniformly-sized EBs spinal cord injury ii v o ! H + -
(155+34 um in diameter) with the total number of over 2,000. In addition, we confirmed that the 107 cells g CArCTOTTCly Seing = |- Incapability | . Difficult to control | | - Difficult to control |
size of EBs is controlled by choosing the number of inoculation cells and size of micro-wells. We = v Hepatotoxicity testing £ : of large-scaling : : the EBs-size | : the EBs-size |
examined their differentiation into nerve cells or cardiomyocytes to evaluate whether the obtained - 3 | = I | | Requires a lot of medium | | |
EBs maintained their multilineage potential. Flow cytometric analysis and immunofluorescence v Novel drug discovery = I\ 7\ /’ \ '
:SLtai_rll_ihng d;mongtggd th? ffl_lovz’ji?r?s_; urinot b Lavel Alternative treatments Small molecule screening S—_—————— - N —— - Ne—————— — -
. 1he optaine S maintained their pluripotency ina nign I1evel. or liver transplantation or drug discover
2. Moreover, when iPSCs were cultupred I[())n EZéPHERIg with feeder-free cell culture medium f 108 ~ _1012 cells f _10?0 cells Y reference: Rungaranlert 5t al. World Journal of Stem Cells (2059) &, 11-21
’Efr:(]a -irreﬁ:? dlii};:]een;z:gegt:elss In EZSPHERE could proliferate at a good rate with maintaining The production qf large masses of pluripotent stem cells (PS(_ZS) represents one of the major hurdles Traditional methods are known as useful t_00|S for embryoid body (EB_) formatior_l in Iaborato_ry-
' _ _ to be overcome in developing cell-based therapies, because it has been estimated that, at least, 10° scale. These protocols, however, are unsuitable for creating of the uniform EBs in large-scaling
3. These results suggest that the novel microfabric culture vessels, EZSPHERE, enable to culture  cqjj5 would be required for clinical applications. Additionally, ~10%° cells may be needed to screen a production. In such reason, development of the novel culture vessels are necessary.
of EBs for both cell expansion and differentiation processes at the same culture ware. million-compound library once.

EZSPHERE is a useful tool for the EB formation with uniform size in a reproducible manner by

simple and easy handling. This study was performed as a part of the AMED (Japan Agency for | For the early realization of regenerative medicine, it is problems how to production
Medical Research and Development) project “Research Center Network for Realization of of large-scaling of iPSCs and their-derived differentiated cells
Regenerative Medicine”.

We attempted to develop the new EB-formation methods
using the novel microfabricated vessels (named as EZSPHERE
o
Materials & Methods Results

Novel micro-fabricated vessels: EZSPHERE EB formation, proliferation and differentiation protocols Fig.1 High efficient generation of EBs with uniform size
: (A) EBs formed in the EZSPEHERE (B) EB size (diameter) distribution and
] : ] ] Monolayer of IPSCs T _ _ _ o
Fabrication process il EB-formation process il Topography of micro-wells v Step-1: 2D culture Two-dimension-cultured iPSCs were inoculated into cell viability on the EZSPHERE
the EZSPHERE after dissociating into single cells

S et A Proliferate IPSCs with and stained with Calcein AM (green for living cells) 800

on-feeder or feeder-less condition. next day.

CO, gas laser Inoculate iPSCs
(dissociated into single

On-feeder or Feeder-less

cells before inoculation) _
EB formation I l | 1@;6:29; size
Cells drop into each micro-well : _ o £ 34 (um)
Aggregates of IPSCs Step-2: EB-formation = N=2411
Plastic Petri dishes or plates / Disso_ciate IPSCs into single ce_IIs and inoculate &5 400 -
them into EZSPHERE, where inoculated cells c
i then equally drop into each micro-well, form >

EZSPHERE cell aggregates as “EBs” within only 3-6 hours.

Differentiation l

About 100 ~ 400 um 200 |

About 200 ~ 1,000 pum

Step-3: Proliferation and /or differentiation

Micro-wells of EZSPHERE are solely created by CO, gas laser Expand the EBs with growth medium _
on the plastic dishes or plates, followed by coating with low- and / or induce of differentiation. (A well of 96-well plate type EZSPHERE) Diameter (um)
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adhesive reagents (MPC polymer) b e arsa o e purtace ;’ Fluorescence microscopy image of EBs obtained on the EZSPHERE (A). EBs created on the 35-

All cells drop into the micro wells
‘ mm dish type EZSPHERE were imaged and analyzed with the digital image analyzing software
“Image J” to determine size distribution. Histogram of EB size (diameter) distribution.
Fluorescence microscopy revealed that the almost EBs were alive with uniform size (B).
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Considering utilization of iPSCs for regenerative medicine, developing large-scale and efficient
IPSCs producing techniques are required. To solve such problems, we attempted to apply novel
micro-fabricated culture wares: EZSPHERE.

EZSPHERE is specifically designed for creating Here, we show that innovative culture methods for iPSCs EZSPHERE is useful tool for the controlled large-scale production of EBs
a large number of spheroids and EBs with uniform size by using the EZSPHERE with uniform size by simple and easy handlin

Because micro-wells are closely positioned each other in the
plastic culture ware, inoculated cells equally drop into each well.

Fig.2 EB-size control with micro-well sizes or inoculating cell densities  Fig.3 Proliferation of iPSCs with maintaining pluripotency Fig.4 High efficient induction of neural lineage cells from the EBs
size and topography of two different types of EZSPHERE (A) Proliferation of iPSCs as EBs in the EZSPHERE (B) Survival rate of iPSCsin EBs  (A) Schematic of theDgllgferentéz;tlli)n protocol -
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(B) EB sizes affected by the micro-well size and/or cell density
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Two types of EZSPHERE #900 and #905 with micro-wells about 500 um and 1,400 pm in diameter, L A L o o e D aamn o Neural lineage differentiation was performed on the EBs created by the EZSPHERE in order to
: : . : . : Oct3/4 Sox2 SSEA-3 : 2 L .
respectively, were used to analysis the effect of the micro-well size or inoculated cell density on the EB confirm their differentiation potency (A). Immunofluorescence staining demonstrated neural stem cell
sizes (A). Inoculation of IPSCs as 400 or 2,000 cells per micro-well on the same type of EZSPHERE When iPSCs were cultured on EZSPHERE with feeder-free cell culture medium (mTeSR1), the markers (Nestin and BIIl tubulin)-positive neurites with high ratio (B). Moreover, flow cytometry
#900 resulted in the formation of EBs with different sizes, while inoculating IPSCs as 9,000 cells per formed EBs could proliferate at a good rate (A) with high viability (B). In the flow cytometry, these revealed that EBs, which were created on the EZSPHERE from iPSCs cultured on different matrices,
micro-well on the another EZSPHERE #905 resulted larger size of EBs (B). (Scale bars: 400 um) cells maintained high capacity of undifferentiated state (C). differentiated into neural stem cells only for 3 days with very high efficiency (C).

EB size is controlled by changing the inoculation cell number and/or iPSCs grown as EBs with feeder-free cell culture medium on the EZSPHERE By using the EZSPHERE, iPSCs differentiate neural stem cells
micro-well size of the EZSPHERE maintained their pluripotenc with high efficiency and in a short period

Conclusions

Fig.5 Induction of dopaminergic neurons from the EBs Fig.6 Induction of cardiomyocyte from EZSPHERE & EZSPHERE is a unique micro-fabricated plastic vessel and very
(A) SChematIC Of the d|fferent|at|0n pl’OtOCOl Reference: Doi et al. Stem Cell Reports (2014) 2, 337-350 (A) SChemat|C Of the d|fferent|at|0n prOtOCOI Reference: Yang L et al. Nature (2008) 453, 524-528 USGfUl fOI’ maSS-prOdUCthn Of EBS Wlth uniform SIZG EB SIZG IS a|SO
(day) 2l 0 | T L i 15 (day) 0o 1 4 710 controllable by changing micro-well size and/or seeding cell number.

€ EZSPHERE is available not only for EBs formation, but also for
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Differentiation of EBs into dopaminergic neuron was attempted by using the EZSPHERE continuously Differentiation of EBs, which prepared on the EZSPHERE, into cardiomyocytes was attempted (A). It was culture and the automated culture eqlllpmellt in the future.
throughout a series of steps from the EB-formation to induction of midbrain dopaminergic neuron (A). observed that most of EBs showed contracting (indicated with yellow arrow) at day 15 (B)-(1). EBs were
Immunofluorescence staining revealed differentiation of the EBs into midbrain neuron, which tyrosin dissociated and plated on gelatin coated slide, followed by a-actinin staining and sarcomere alignment
hydroxylase (TH: white arrows) and FOXAZ2 positive (B). Flow cytometry analysis (FACS) with Oct3/4 (high magnification) was observed (B-2). Flow cytometry for cardiac troponin T (cTnT) positive cells ] ]
antibody indicated that there was almost no iPSCs remained without differentiation (C). revealed high differentiation efficiency (C). Hiroki SatOh, Ph. D.
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