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Construction of iPS-Derived 3D Tissues with Automatic Coating and Evaluation Technology
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ABSTRACT

Induced pluripotent stem (iPS) cell technology is expected to accelerate the development of

regenerative medicine. However, it is difficult to evaluate real tissue functions by ex vivo monolayer
culture. Therefore, the construction of three dimensional (3D) tissue models using iPS cells is crucial
for many applications, including the manufacturing of grafts to be used in the medical field, for activity
and toxicity testing in the drug discovery and cosmetic fields, and so on. In this study, we have
developed a novel method of coating the cell surface with extra cellar matrix (ECM) proteins, named
filter layer by layer (F-LbL) coating. A micron-size pore filter is used for separating the cells from the
ECM solution, which facilitates tissue construction with lower cell damage than the conventional
centrifugation layer by layer method (C-LbL). Then, we have also developed an automatic system of
F-LbL for industrialization. Furthermore, to evaluate the beating dynamics of 3D tissues constructed
with iPS-derived cardiomyocytes (iPS-CM), we have performed microscopic video imaging analysis
by calculating the motion vectors of individual small areas from the correlation of two consecutive
images. This method will allow us to understand the relationship between the functionality of 3D iPS-

CM tissues and their constituents.
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Fig. 1 Schematic of flow of iPS cell and 3D tissue for
regenerative medicine and drug test".
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Fig. 2 Schematic illustration of coating process, FN-G
nano film was formed on the Cell wall by LbL
technique.
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Fig. 3 Schematic illustration of the effect of physical
stress on (a) uncoated cells or (b) cells with films
by LbL technique.!?
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Fig. 4 Effects of FN-G nanofilms on cell viability. The
viability of Hep G2 with FN-G nanofilms after
nine-step LbL technique and uncoated cells that
underwent the same centrifugation regime was
measured at different rotational speeds, as
described in the Experimental Section (n = 3).!
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To promote interaction, cell adhesion
proteins are coated around cell surfaces
by using layer by layer coating method.
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Fig. 5 Process flow of construction of 3D tissue with iPS
derived human cells.
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Fig. 7 Comparison between C-LbL and F-LbL method.'?
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Fig. 8 Automatic coating system with F-LbL method.
(a)skeleton drawing, (b) picture of system

Table 1 Specification of automatic coating system.

Item Requirement

Size W.D below 550mm

System Weight below 20kg
AC power AC100V

Solution sending M'ethod Syringe pump + Pippette chip
Disposable Yes

Process Area Disposable Autoclave treatment

Circulation Area Shaking system Oscillating mechanism

Xaxis stage stroke 300mm
st X repeat accuracy +0.02mm
age Zaxis stage stroke 100mm
Z repeat accuracy +0.02mm
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Fig. 9 Construction method of 3D tissue with iPS-CM
and NHCF.
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Fig. 10 Calculation method of thickness and filling rate.
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Fig. 11 Calculation method of image correlation.
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Fig. 12 Yield via Automatic Coating system with initial
(n5) and optimized (n7) condition, NHDF,
average and lsigma.

Table 2 Yield, Viability via Manual and Automatic
Operation with iPS-CM, 5x106cells in each test

(n=2).
iPS-CM Yield Viability
Manual 83% 90%
Machine 73% 93%
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Fig. 13 FN coat image with Confocal microscopy.
(a) 3D image, (b) tomographic image.
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Fig. 14 FN coating measurement with confocal microscopy,
(NHDF, FN 0.2 mg/ml in Tris-HCl Buffer)
Sampling in each 0, 1, 3 and 5 times of FN coating.
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Fig. 15 Construction result of 3D tissue with iPS-CM and
NHCEF (75/25, 25/75).
(a) Tomographic image, (b) Thickness (nm) and
Filling rate (%) via Automatic coating system.
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Fig. 16 Image by calculation motion vectors.
(a) iPS-CM / NHCF = 75/25, (b) iPS-CM / NHCF
=25/75.
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Fig. 17 Calculation, absolute value of velocity with
2conditions, iPS-CM/NHCF=75/25, 25/75.
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