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Development of Drug Assay System Based on iPS Cell-Derived Neurons
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ABSTRACT

The effectiveness of therapeutic treatments for many neurological diseases remains extremely limited.

Neurons generated from iPS cells are expected to contribute to the analysis of disease mechanisms and
the development of therapeutic drug candidates. As part of Ricoh's biomedical business, we have
developed technologies for drug evaluation using neuronal cells differentiated from iPS cells using
unique differentiation techniques. Among these technologies, we describe recent progress in neuronal
activity measurement with multi-electrodes, maturation of neurons, and analysis of neurons derived

from Alzheimer's patients.
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Fig. 1 Co-culture of excitatory neurons and iPSC-
derived astrocytes on MEA. Top: phase contrast
image of neurons and astrocytes cultured in a well
of a MEA plate. The 16 electrodes are visible.
Bottom: Raster plot. The horizontal axis represents
time. Each row shows firings recorded with an
electrode. Green lines indicate synchronized
firings. The continuous curve represents the rate
of firing.
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Table 1 Compounds for drug response evaluation.
Receptor/ .
Compound Ion Mode Concentration Neurons*
[mM]
channel
NMDA . 10, 100,
NMDA receptors Agonist 1000 EX
AMPA/
Glutamate NMDA Agonist 0.3,3,30 GA
receptors
NMDA . EX
D-APS receptors Antagonist 1,10, 100 GA
GABA . EX
GABA receptors Agonist 0.1,1,10 GA
. . GABA . EX
Picrotoxin receptors Antagonist 0.1,1,10 GA
4-AP  Po@SSUM gy iker 03,3,30 EX
Channel
AMPA/
CNQX Kainate Antagonist 0.5,5,50 EX
receptors
Pentylenet
etrazol rg:?]?cﬁ‘s Antagonist ! (1’010%0’ GA
(PTZ) P
Carbamaze Sodium
pine (CBZ) Channel Blocker 1, 10, 100 GA
.. . Kainate . EX
Kainic acid receptors Agonist 0.1,1,10 GA
Dimethyl Negative  0.2%, 0.3%, EX
sulfoxide control 0.4% GA
(DMSO) e
*EX: excitatory neurons, GA: GABAergic neurons
D-APS Picrotoxin
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Fig. 2 Pharmacological responses of excitatory neurons
co-cultured with iPSC-derived astrocytes. Each
dot represents a well sample. Two-sided Wilcoxon
rank-sum tests were performed to compare the
effects of the drugs at each concentration with
those at 0 uM. *: p <0.01.
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Fig.3 Pharmacological responses of GABAergic
neurons co-culturing with iPSC-derived astrocytes.
Each dot represents a well sample. Two-sided
Wilcoxon rank-sum tests were performed to
compare the effects of the drugs at each
concentration with those at 0 uM. *: p <0.01.
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Fig. 4 Summary of pharmacological responses of
Excitatory/GABAergic neurons co-cultured with
iPSC-derived astrocytes. Firing number is shown
as color-coded log: fold change relative to the
drug-free condition. Two-sided Wilcoxon rank-
sum tests were performed to compare the effects
of each drug with that of DMSO. *: p <0.01.
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Fig.5 Advanced maturation of human iPSC-derived neurons.
A: Schematic representation of the stages of neuronal development in iPSC-derived neurons generated with the
Quick-Neuron™ technology (Ricoh Biosciences, Inc.).
B: Time-course characterization of neuronal development in cultured iPSC-derived neurons with immunofluorescence
staining of the axon-specific marker NF-H (green) and the dendritic marker MAP2 (red). Scale bar: 100 pm.
iPSC: induced pluripotent stem cell; NF-H: neurofilament heavy chain; MAP2: microtubule-associated protein 2;
and DAPI: 40,6-diamidino-2-phenylindole.
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Drebrin clusters (green) accumulate in spine heads
along the MAP2- positive dendrites (red).
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Fig. 7 Correlations of the gene expression in iPSC-

derived neurons with the developing human brain
transcriptome (BrainSpan atlas®).
RNA-seq revealed the time-dependent transition
from a prenatal (left, post-conception week 8-26)
to a postnatal/adult-like profile (right, 4 months-
40 years following birth).
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Fig. 8 Differential expression of neuronal maturation

markers in iPSC-derived neurons.

A: Expression of drebrin (all isoforms and
isoform A)

B: Expression of tau (isoforms 3R and 4R)
Mean and standard deviation of the relative
levels of expression determined by RT-qPCR
from n = 3 biological replicates at each time
point.
*: p<0.05, ***: p <0.001 from Dunnett's
multiple comparison test for one-way ANOVA.
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Fig. 9 Al-based imaging assay of the effect of glutamate
on mature iPSC-derived neurons.

A: Non-treated control sample. White circles
indicate examples of drebrin clusters identified
by AL

B: Cells treated with 100 pM glutamate for 10 min
before immunostaining.

C: Dose-dependent response curve to glutamate.
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Fig. 10 Spontaneous firing activity of excitatory iPSC-derived neurons measured by HD-MEA.
A: Firing rate distribution map across the electrode area over the indicated time course above. Scale bars: 500 pum.
B: Raster plots displaying detected spikes (dots) in 1,020 recording channels (y-axis) over 600 s (x-axis).
C: Network Assay results, showing the evolution of spontaneous network burst profiles over time.

D: Percentage of active electrodes across the culture area.

E: Number of network bursts per minute of recording.
F: Burst peak firing rate (average maximal firing rate during a network burst).

(n = 2 biological replicates)
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- o I T ] A: Maps of the spatial distribution of action
N " potential amplitude and the reconstructed
| e e e o : / axonal propagation paths across the electrode
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e ) e () area. Scale bars: 100 um.

B: Representative analysis of a single neuron.

C: Action potential propagation after alignment of
the signal traces along an axonal branch (red
line in B).

D: Linear regression interpolation to compute the
conduction velocity.

E: Average total axon length of single neurons.

F: Average conduction velocity of axon branches.

Fig. 11 Dose-dependent response to synaptic blockers.
A: AMPA/Kainate receptor antagonist NBQX.
B: NMDA receptor antagonist D-APS.
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ORI R S OMFIERESE, F 7o, RABEREREE
72 & BT ER L ORZ AT IR & ~DRH%
WU T, AlEI K OPSHlIEESE OTE AL E B
52 ERHIFEND.

FILINAI—RBEDIPSHIREHE
MMesfazEAW-ERBETIVS

4-1  FILIYNMI—FOEIZEER

T A <—J% (Alzheimer's disease: AD) i
ITHEDOMREMERBTH Y, EFEHAER DFI60% %
HOTWD. FLIEEEZRIER E L, BamEieo
KT, 17TERE, MEE(REEZE2ETHI LD,
BEARANDQOLEZIK T W25 DA b FHEBEAN
HEE D LERY - BREAE LD TRE V. AD
DOJFEL LTT7 IrA RB (AB) BOILESLH U ¥
R B DEFEIC L D MRIFRMEE (LA < b
THEY, o oREPHRRIEE) O B F R
WaESIEHITEEZLNTNE2M, X 5ITITF
(XX R IS I 1T DB RIESE b IR e R B -
THIENRBEINTEY, ADORIER L OEST
I Z R T OBEHER o TR B 5 L T\ D 2
EDNHBMNE RS> TEED, 20206ELIFE, 731
A RBEIER & T HHURERE (LIx~T, RFx
~ 77 ) OMKSERIE, ADZIEM & LA
IR E 7oA T Wbz, BEEMEZIIIE
gL LTS DITHREAMEMBE O Z A S TE
7. BUEIXZ U, MRKIE, I har RU 7GR,
THARERFE 72 U hf 2 7RRE T 2 R & U T Al 36 03 BRR
HRBRICEATEY, BARAA 7 T4 b2 MALOME
MzEmRLTND.

ADBEFE D 9 HLIRKEE T B FEE STV D F K
PEADIZ1% A T O, KE 7 DOADITFEIEED 72
WM TH D, IMEEADICBWTIE, THRY R
EHEE (APOE) OZAITH Hedxt s v (L
T, APOE4) WU RXAZRFTHDHI ENRMBNT
W52, — T2t i s (APOE2) IXADZJE
2k U CEREMICIER T L S TERY, ed& %Il

PSR Y A7 2T AR & LTHERINLTY
%. APOE4¥ v U 7 ADEE Rk DiPSCobAlfE 2
FIR LcMiia T A 1%, FHEEFDL, FEAISEMED
FEAM, R BRI OB S AIERIFIEIZ B 1T D AR
THEMZRY—1VThsd. K TIXAPOE4F ¥ U T
DO ADEFE FRIPSHINE L 0 /3 LFEE L 7= ik &
W REVEHT OB 24809 5. F8lZ, ADITHF
)72 2 O OFRELAE BB L 72BN TR 5.

4-2  TFILINAI—REIZHITER3ODRE

ADDREMIRIFRED —>Th B & 7 OB & H
ST, RHERE PN C ORI MEZ L 2 5| X i
L, ¥R ESCMIINSE D5 & 4 L e
5 L b HEERABKERN & LT EM T b Ty
L. ARS DX EITHRITRIET DBUOKMES Ry
HThY, BuNEMAHEEEIT L THUNEIZHEET
5L TEORENTEHELG LTS, Z 7IXGSK-
3B (glycogen synthase kinase-3p) °MAPK (mitogen-
activated protein kinase) 72 & D U U E{LEEFRIZ K >
T UBba2dsZ nmboinTsh, U0l
VERLIRRE IR B B U R, v R
P E SRR BB RERRER ISR S LT DL 2T
DOV CEGITBE ST DD, TN, v —
DK DIZH T DEE & fF D MR EIZI N T
X DONT U ANAAE L, R Y CEBLREBICHE S
(Fig. 13) . @RIV B S 7= & UIXUNE I
KT 2 BAMEDME S, UNE ERES LRV RTEMEE
Jw—REERT D, ZOREEY VI BERB X
OA Y Iv—~LEHEL, S OICHRHMERES Z A
T DURERA E R D 2 & CTHIRRIFRREZE M & 5
% E al -@—27,28)‘

U VERAEHTER -3 L O Y I~ —TER D W) B
BEIZ 9 DARAIRE DB L, ¥ U D RE PGS
LPEBICKIT HIBREIEOPE A KT DO TH 5.
INGOSTHRICE R LTEEEORAIET 7'r—F
Y TICERREFSICHEE R LTl Y, Hiy UHRES
U AV PREA, BRSSP Z R E T 5180 T1bd
Wia ENR % LIFKRBR~EATHWD . ZhbDin
PRAGAR 1 TR B D HETTIN &> 2 VW TFRIRZEME DB 2
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Fig. 13 Pathology of Tau in Alzheimer's disease.
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PR Z L 358y o TRk L CIRERE
AR CH DR S IVTITHLE T 2 B 23 FH RO T
5.

R PR BRI B W TR RE D AE % Sk U 7= 8
DEET VOREIIEIRE L TREETH D, FriC
b MRERA BT R EREE AT T L OARIER
%%%%L@k%@h%k&ofwé DXk H
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Lf:@fiw‘\ﬂﬂﬂ/j%fﬁﬁb‘f:in VitroJRBEE T )L DFEEE )
HEHENTWD. RIFSTIX, APOE4E(sF£H
AT 5 ADEFE HPSHIED & 3L FEE L 72 ik
AR, ADTHROND X U DWW EHET 5%
Bt L7z,

FILYINAI—55 B & PSHIRE B 3k i3
HRICHITH4OEROER

ARHFSE TldTable 21273 AD B PSHIA Sk i
Al A AV, Z O OMIBINZERED in vitrolZ W\ T
HERECTH DM E e LT,

iPSHIRAPREM AL 2 LE [ 2> b8 & L, B
T A — b &R L CTEESRAZENERE (ELISA) (2
IV voRIEYEE L. ADKIPSHLH KD
PRI BN T, BE R AELIBEIC ¥ ¥ O E 72

4-3

ERNERO SN (Fig. 14) . S BICHEHIIE IS

ERELEEY vk ¥ U (p-Tau) ZEMfEGA L

7ot R, ADERIPSHRAE R S O AR R IR C 1L AR A (412
BT Dp-Taule A 3B I HE5R L7 (Fig. 15) .

Table 2 Neurons used in the study.

APOE Onset

Donor ID Age Sex
genotype year
CW50065 (Healthy) 2/4 74 — F
CW50114 (AD) 3/4 72 65 F

The two iPS cell-derived excitatory neurons were Quick-Neuron™
Excitatory, Ricoh Biosciences, Inc.

CW50065
USER(ESY

CW50114
USE {B’;U i

Fig. 14 Accumulation of Tau in AD neurons.
iPSC-derived neurons at 1 to 8 weeks of culture
were collected and the amount of Tau in the cell
lysates was measured using the ELISA method.
After 4 weeks of culture, the amount of Tau in AD
neurons (CW50114) was higher than that of the
healthy control (CW50065). N= 7, Error bar: SD.
Student t-test (*p < 0.001).

4 -
A D CW50065
= mCW50114 *
n > 3 +
Q0 £
> =
23
=
g o 27
— e
]
5 2
F &
[#]
'
N

1l

Culture (weeks)

Tl

Fig. 15 Accumulation of phosphorylated Tau in the cell
body of AD neurons.
Neurons were stained for phosphorylated Tau (p-
Tau, green) using fluorescence immunostaining.
Blue Hoechst staining shows the nucleus of the
cells. In AD (CW50114) neurons, p-Tau was
accumulated in the cell body.
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